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with Jacobs Chuck 


Inserting a Kirschner wire for fixa- 
tion of a hone plug in ankle fusion. 
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CURLED HAIR FOR RESILIENT FIRMNESS 
Firm body support without undue 
pressure on nerve points or interfer 
ence with circulation. 


HAND-STITCHED SAG-FREE SIDEWALLS 
Sag-free edges allow patients with 
back injuries to get in and out of bed 
with less effort and greater stability. 
12% more usable sleeping area. 


NEEDS NO “MAKESHIFT” 
INTERPOSED BOARD 


Physicians and orthopaedic specialists know 
that a bedboard—even one that is interposed 
in a mattress—is only an attempt to correct a 
structural weakness and inadequacy in the 
mattress itself. The VITAGENIC by AIRE 
LOOM requires no “make-shift” additions 


The VITAGENIC is a mattress and box spring combi 
nation made according to the exact specifications of 
registered orthopaedic specialists. It is an important 

almost essential—adjunct to your plan of treatment 
for pain of backache or sacroiliac injury. You pre- 
scribe the exact degree of firmness necessary for your 
patient as well as any other features required for 


treatment or comfort. 


THE VITAGENIC IS GUARANTEED FOR 15 YEARS. 








For full details on the prescription-built VITAGENIC, 


contact: 
BEDDING CO. + 1119 Westminster Ave., Alhambra, Calif. 
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Knurled locking nuts and 
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An important improvement in the treatment 
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slight extra cost. 
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You get immediate delivery 
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BRAND OF CHLORMETHAZANONE 


a completely new major chemical 
contribution to therapeutics... unrelated 
to any other drug in current use 


a muscle relaxant and a calmative agent. designed 10 be equally 
In musculoskeletal disorders, 91 per cent effective. , ° : 
ellective as oth 

In anxiety and tension states, 93 per cent effective. 
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Lower incidence of side effects than with zoxazolamine, a MUSCLE RELAXAN'1I 
methocarbamol or meprobamate. 
a TRANOUILIZER 
No known contraindications. Blood pressure, pulse rate, respiration . 
and digestive processes unaffected by therapeutic dosage. No 
effect on hematopoietic system or liver and kidney function. 
Low toxicity. In animals, even less toxic than aspirin. 


No gastric irritation. Can be taken before meals. 
. *tran-qui-lax-ant (tran kwi-lak’s: 
No clouding of consciousness, no euphoria or depression. eee SNE Renn ee 
[< L. tranquillus, quiet; 


No perceptible soporific effect, even in high dosage. L. /axare, to loosen, as the muscles] 
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Every bar of stainless steel that goes into 
the manufacture of Zimmer orthopedic 
appliances and equipment is certified for 
uniformity of physical properties by the 
metallurgical laboratories of some of 


America’s foremost steel mills. 


Armco, Universal Cyclops and Central 
Steel & Wire Company all cooperate 
closely by furnishing certifications with 
each shipment. Elements alloyed in Zim- 
mer stainless steels vary less than 1% 


from one production heat to another. 


Such uniformity assures the orthopedic 
surgeon of utterly dependable implant 
appliances — appliances tested to resist 
the destructive actions of body fluids. 


Zimmer metals are unsurpassed. 
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EARLY POSTMENOPAUSE 


Complains of low back pain, vague Back pain is 


aches and fatigu hips 


Posture is poor Patient is round 


walks 
X-ray 


of lower vertebrae 


No x-ray evidence of bone lesions 


These three patients have osteoporosis. Early diagnosis 
and treatment with “Formatrix” is important because 
Osteoporosis Is probably the only age change that can be 
averted. With “Formatrix” therapy, relief from the symp- 
toms of low back pain, vague aches and fatigue may be 
obtained in as little as a few weeks. “Formatrix” supplies 
the essential materials to stimulate increased bone forma- 
tion and prevent further loss of bone substance that leads 
eventually to loss of height, stooped posture, and dis- 
abling fractures. 

The highest incidence of osteoporosis may be found 
14,000,000 women in the U.S.A. who are 
55 years of age and over. Some investigators claim that 


among the 


almost all women past the menopause will show some 
degree of osteoporosis; furthermore, if all these women 
were examined carefully, 50 per cent would show x-ray 


evidence of decreased bone mass 


AYERST LABORATORIES 
New York 16, N. Y. ¢ Montreal, Canada 


Ir inswering 


LATER POSTMENOPAUSE 70 
severe 
rdle pain 


houldered 


with a stoop 


AND OVER 


spreading to Fracture of hip after a minor fall 
X-ray reveals fracture of neck of femur 


X-ray reveals compression fractures 
of lower lumbar vertebrae 


reveals compression fractures 


Suspicion may be the handiest diagnostic tool since pre- 
senting symptoms vary from mild to severe and in- 
capacitating pain, and no x-ray evidence of spinal degen- 
eration is available until about 30 per cent of the bone 
matrix is lost. Between these two extremes there are 
other signs of estrogen deficiency such as wrinkled and 
thinning skin, a tendency to appear older than stated 
years; there may also be hypercalciuria when postmeno- 
pausal osteoporosis is complicated by acute osteoporosis 


of disuse. 


Osteoporosis is primarily an atrophic condition of bone 
matrix formation and any factor that depresses osteo- 
blastic activity or retards the formation of protein and 
connective tissue such as prolonged immobilization, cor- 
tisone therapy, or malnutrition will favor development 
of osteoporosis in both male and female. 
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“FORMATRIX” contains three most essential bone 
building materials necessary for matrix formation, estro- 
gen, androgen and vitamin C. 

The estrogen component of ‘“Formatrix” stimulates 
osteoblastic activity, thus aiding calcium and phos- 
phorus deposition; it also imparts a feeling of “well- 
being.” The anabolic action of methyltestosterone pro- 
motes the synthesis of protein and restores a positive 


“FORMATRIX” — each tablet contains: 
Conjugated estrogens equine (“Premarin’’¢) 
Methyltestosterone 
Ascorbic acid 


Dosage 
courses is recommended. 


Supplied: Tablets, bottles of 60 and 500. 
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No x-ray evidence of bone lesion 


of lower vertebrae 


TO RELIEVE LOW BACK PAIN —TO PROMOTE HEALING OI 


in osteoporosis 
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for matrix formation 





LATER POSTMENOPAUSE 


X-ray reveals compression fracture 


nitrogen balance. Together, these hormones have a 
greater effect on bone and protein metabolism than either 
alone, and side effects are minimized because of the 
opposing action of the two steroids on sex-linked tissues. 
Vitamin C plays an important role in formation of inter- 
cellular cement substance and amino acid synthesis. 
“Formatrix” has a large amount of vitamin C to aid in 
new bone matrix formation and to further help in the 
healing of fractures. 


400.0 mg. 


1 tablet a day — In the female, three weeks of treatment with a rest period of one week between 


LITERATURE AVAILABLE ON REQUEST 


70 AND OVER 


X-ray reveals fracture of neck of femur 
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the action of the TARSO SUPINATOR SHOE 


. swings the hind-foot inward, which 
induces adduction of the fore-foot, ele- 
vates the longitudinal arch, and levels the 
ankle joint. 


When the hind-foot is held in a posi- 
tion of inward rotation, the talo-scaphoid 
and cuneiform-scaphoid joints will remain 
locked under weight bearing. The arch 
will not collapse and the ankle will not 


roll inward. 


Correction is accomplished by the 


specially shaped last. Medially wedged 


and extended heels promote better weight 
distribution. Medially extended counters 


are used for utmost control. 





See us in Chicago — January 24-29 
26th Annual Meeting 
American Academy of Orthopaedic Surgeons 


BOOTH 78 BEFORE AFTER 


The Tarso Supinator shoe is used successfully in treatment of the plano-valgus foot. Pronation 
is controlled at once. Permanent improvements in walking and in foot posture will generally 


occur. Patients find Tarso Supinators notably comfortable. 


farso Shoes are ready-made and are available on prescription from dealers in most cities. 


Write for catalog and name of nearest dealer 


M. J. MARKELL SHOE COMPANY, INC. 


Reeus oar elt 332 SOUTH BROADWAY @ YONKERS, NEW YORK 
> HOE ORIGINATORS OF TARSO PRONATOR® AND TARSO MEDIUS" SHOES 


Tarso shoes have been in use for over twenty-five years. 


FOR FLAT FEET 
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All this for 
one monthly fee 


¥ Enjoy the most modern x-ray facilities... 
avoid obsolescence losses 


¢ No surprise ‘‘extras’”” — covers periodic in- 
I I 
spection, maintenance, replacement tubes, 
parts 


¢ Freedom to add or replace equipment as 
improv ements appear 


¥ G.E. pays for insurance . . . assumes prob- 
lem of collecting for equipment damage 


¥ G.E, pays local property taxes 


\4 ai gelen 


This without capital outlay 
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the difference is 


® 


rental 


Here's the perfect answer for a cost-saving 
x-ray installation, easy to keep abreast of im- 
portant new developments, G-E Maxiservice 
ties up vone of your capital... eliminates 
trade-in losses — progress determines your 
time for exchange, not finances. In effect, you 
contract for wtility, convenience, flexibility 
and service, not for just equipment. 





For complete details, contact your G.E, 
X-Ray representative, or clip coupon below 
for your copy of our new 
Maxiservice booklet. 


X-RAY DEPARTMENT 
GENERAL ELECTRIC CO. 
Milwaukee 1, Wisconsin, Room CF-17 


Send your new 12-page MAXISERVICE booklet to: 


Progress Is Our Most Important Product 


GENERAL @ ELECTRIC 
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LOTTES NAILS and INSTRUMENTS 
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LOTTES FEMORAL NAILS are manufactured with diameters of ¥%, %s, and Y2 inches 
—with lengths in 2 inch variations from 14 to 20 inches. 














LOTTES TIBIAL 
NAILS are made in 
He and ¥% inch diam- 
eters—in lengths 
from 9 to 15% 
inches, in variation of 
Yr inch. 























~ LOTTES NAILS AND INSTRUMENTS ARE MADE OF 18-8 SMo STAINLESS STEEL 











LOTTES DRIVER-EXTRACTOR COMBINATION and 
LOTTES MALLET 


LOTTES GUIDE WIRE AND LOTTES REAMER 


The reamer comes in 3 diameters: %, 
%6, and Y2 inch—all are 23 inches in 








CHAS. A. SCHMIDT SURGICAL INSTRUMENT COMPANY 
3689 Olive Street, Saint Louis 8, Missouri 
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Precise Positioning and Positive Fixation— 


with AMERICAN -Albee 
ORTHOPAEDIC and FRACTURE TABLE 


@ Acknowledged as the most versatile in its field, the 
American-Albee Orthopaedic and Fracture Table 
enables the orthopaedic surgeon to achieve “perfect 
positioning” of short, tall, obese and even infant 
potients ... easily and rapidly. It is designed to 
accommodate closed fracture reductions as well as 
the increasing demands of complex orthopaedic 
surgery. Thus, to orthopaedists the world over, the 
name American-Albee identifies the table of choice 


Offices in 14 Principal Cities 





for this comprehensive branch of medicine. 

Ideal complement to this improved table is the 
American DV-22 Major Surgical Light... a new 
concept in easily maneuverable illumination . .. cool, 
shadowless, color-corrected .. . intensity to 10,000 
foot candles from a dual source. 


@ Write for Fracture Table Brochure TC-100R 
and Major Light Catalog LC-121R. 


AMERICAN 


STERILIZER 


ERIE*PENNSYLVANIA 

















Truform Hinged Kneecaps Model 968 laced front 
(pictured), Model 969 without lacing, Model 970 
without lacing or two encircling straps. 


Lateral stability 





CONTROLLED stability 


Circular compression of the entire area covered is readily controlled by 


adjustment of the lacings .. . 


Lateral stability of the joint is effectively controlled by the two leather 
straps encircling the leg, to which the leather casings of the hinged steel 


side pieces are joined 


Controlled stability is most completely secured with this Truform Hinged 
Kneecap, another of the anatomically correct and therapeutically sound 


appliances by Truform 


Truform Anatomical Supports are available to you and your patients 


only from the Ethical Appiiance Dealer. 


q 


OMRECTIVE BELTS 
AND SUPPORTS 


BACK SUPPORTS 


Many other types, in many models. 
Write for your copy of “The Red Book.” 
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TRUFORM 


- 


anatomical supports 
3960 Rosslyn Drive, Cincinnati 9, Ohio 
BRANCHES: New York and San Francisco 
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VITALLIUM®?| HIP PROSTHESES... 


Roentgenogram of a bilateral 
arthroplasty utilizing Vitallium 


Moore prostheses 


“Most of the results are satisfactory, some 
are excellent. | am confident that they have 
been more successful than could be ex- 
pected from any other reconstructive or 
arthroplastic procedure. With careful con- 
trol, the prosthesis may give satisfactory 
service throughout the patient's lifetime.” 





INDICATED USES FOR HIP 
PROSTHESES ACCORDING TO 
PROFESSIONAL REPORTS 


Acute Unstable Fractures 
(Pauwels’ Cl. Hil)’. *. 4.5 


Acute Fractures in the Aged? *. 4.7. ® 
Ununited Fractures (Long-Term)': °° ° 
Delayed Non-Union?: ° 

Pathological Fractures’: *. +. 5.7 
Asceptic Necrosis’: * ° 7° 

Avascular Necrosis® 

Osteoarthritis'. 2. 5. 6. 9. 19 

Bilateral Ankylosis'° 


Salvage® 7. ° 


REFERENCES: 


*1. Moore, A. T.: The Self-Locking Metal Hip Prosthesis. J. Bone & Joint 
Surg., 39A:811,1957. 2. Symposium on Femoral Head Replacement Pros- 
theses. J. Bone & Joint Surg., 38A:407,1956. 3. Savastano, A. A., Sage, 
L. A., and Zecchino, V.: Treat t of Fractures of the Neck of the Femur 
with intramedullary Stem Prosthesis. J. Bone & Joint Surg., 40A:233,1958. 
*4. Mahoney, J. W. Mullholland, J. H., Jahr, J. and Doolin J. A.: imme- 
diate Moore Prosthetic Replacement In Acute Intracapsular Fractures. Am. 
J. Surg., 95:577,1958. 5. Stinchfield, F. E., Cooperman, B. and Shea, C. W.: 
Replacement of the Femoral Head by Judet or Austin Moore Prosthesis. 
J. Bone & Joint Surg., 39A:1043,1957. 6. Lippman, R. K.: The Transfixion 
Hip Prosthesis. J. Bone & Joint Surg., 39A:759,1957. 7.. Ghormley, R. K.: 
The Present Status of Surgery of the Hip. Rocky Mountain M. J., 54:337,1957. 
*8. Rowe, C. R., and Detwiler, R. C.: Fractures in the Aged. J.A.MA., 
162:1517, Dec. 22, 1956. *9. Thompson, F. R.: Two and a Half Year's Ex- 
perience with a Vitallium intramedullary Hip Prosthesis. J. Bone & Joint 
Surg., 36A:489,1954. *10. Moore, A. T.: Metal Hip Joint: A New Self 
Locking Vitallium Prosthesis. South. M. J., 45:1015,1952. 


“REPRINTS OF THESE PAPERS AVAILABLE ON REQUEST. 








VITALLIUM® HIP PROSTHESES IN 


THOUSANDS OF CASES 
PROVED SUCCESSFUL 


Moore’s observation is one of many recent state- 
ments concerning treatment of the so-called “un- 
solvable fracture.” Once considered the plague of 
the elderly, fractures of the hip can now be treated 
with less risk and shock than was believed pos- 
sible just a few years ago. 


“The indications for the use of prostheses appear 
to be becoming more clearly defined. Non-union, 
arthritis, and asceptic necrosis are almost univer- 
sally accepted as indications, while the use of 
prostheses in fresh fractures of the femoral neck 
at any age, but in the aged particularly, is increas- 
ing.” “Use of the femoral-head prosthesis in fresh 
fractures, when indicated, may reduce the inci- 
dence of uraemia, hypostatic pneumonia and 
death.” 


arthroplasty utilizing Vitallium “The advantages claimed for this method are 

Moore prostheses. early ambulation, reduced hospitalization or peri- 
ods in convalescent homes, facilitation of nursing 
care, the avoidance of secondary operations, and 
a reduction in cost to the patient.”*. Surgical com- 
plications have been minimal and morbidity and 
mortality are comparable to that of simple Smith- 
Petersen nailing. The disappointments of asceptic 
necrosis and mechanical failure that accompany 
the latter procedure have been avoided.” 


Roentgenogram of a bilateral 


Every Vitallium hip prosthesis is made with exacting care 

the virgin metals to the finished product, Austenal’s 

you of the very best prosthesis worthy of permanent 

“Vitallium was selected as the metal of choice 

remain absolutely unchanged within the body. The 

and in nylon.’ “Apparently Vitallium is inert in the 
may last indefinitely.”! 





HIP PROSTHESES 


IN A CHOICE OF DESIGNS AND A VARIETY OF SIZES 


IN VITALLIUM... 


THE ONLY ALLOY CREATED SPECIFICALLY FOR SURGICAL USE 


MOORE SELF-LOCKING HIP PROSTHESIS 
No. 6939 Regular 
Head Diam. 142”, 158”, 154”, 17%”, 
2, 2%", 2%", 2%", 242” 


MINNEAPOLIS 
TYPE 


No. 6929 
Head Diam. 
156, 134, 17%” 
2”, 2%" MODIFIED MOORE HIP PROSTHESIS 
No. 6939-1 Narrow stem 
Head Diam. 158”, 134”, 17%” 


EICHER 
HIP PROSTHESIS 


No. 6927 
Head Diam. 158’, 154", 
1%", 2, 2%" 


F. R. THOMPSON HIP PROSTHESIS 
No. 6936-1 Straight 158’ Head Diam. 
6936-2 Straight 154 Head Diam. 
6936-3 Left 1%” Head Diam. 
6936-4 Right 13%” Head Diam. 
6936-5 Straight 17%’’ Head Diam. 
6936-6 Left 1%" Head Diam. 
6936-7 Right 1%’ Head Diam. 
6936-8 Straight 2” Head Diam. 
6936-9 Straight 2%’’ Head Diam. 


X-RAYED FOR INTERNAL SOUNDNESS SURFACE INSPECTED BY ZYGLO}; 


AU STE NAL, | N ©. Singical DIVISION 


224 EAST 39TH STREET + NEW YORK 16, NW. ¥. 


® by Austenal, Inc Printed in U.S.A. tTrade Mark Magnaflux Corp 





FOR 
ORTHOPEDIC 


APPLICATIONS 


freeman 22: 


For 68 years Freeman has worked closely 
with orthopedic surgeons to design surgical 
garments that provide correct support. 
Each garment is made by skilled craftsmen 
using the finest materials available. 


There’s a quality Freeman support for 
most every application. You can be certain 


MODEL 423 
that the garment you select will carry 


Sacro-Lumbar Back Shes : 
Support for Women out your prescription to the best possible 


satisfaction of you and your patient. 


Freeman corset-type back supports provide 
bracing in any desired degree to 

almost complete immobilization. Special 
construction features assure comfort 

for the wearer in sitting, standing and 


reclining positions. 


FREEMAN QUALITY FEATURES 
MODEL 422 


Sacro-Lumbar Back | it New Dacron-Pima Cotton Fabric. 
Support For Men Sa 


Petal-Soft Interior Finish cushions the stays, 


avoids irritation. Self-Smoothing, Exclusive 
Non-Wrinkle Fly speeds putting 

on garment and avoids comfort-robbing 
wrinkles. Soft Plush Padding under 

hooks and eyes. Superb Needle Work. 





FREEMAN MANUFACTURING CO. 
Dept. 701, Sturgis, Michigan 
Please send details on new Freeman features and include 


free reference catalog. 


Name 





Address 


Zone 
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Master Screw Driver 


Orthopedic surgeons will be pleased to learn of an 


important design improvement in the DePuy 


Master Screw Driver, which is considered to 
be the most popular bone screw driver in 
use today. This patented unit is now being 
manufactured with a removable outer casing, 
or sleeve. This means faster dismantling 
and easier cleaning. . . . Minimizes repairs. 
Other outstanding features and high 
standards of quality remain the same. 


NEW! REMOVABLE 
CASING 
MEANS FASTER, 
EASIER 
CLEANING! 


No. 378 


Available with aluminum 
handle or stainless steel 
handle. Write for complete 
information and prices. Re- 
serve your copy of the NEW 
196 PAGE DEPUY CATALOG! 


ata DEPUY MANUFACTURING CO., INC. 


a SINCE 1895 
STANDARD OF 


QUALITY WARSAW, INDIANA 


ease mention The Journal of Bone and Joint Surgery. 





LaBerne Shoulder Rotator 


The LaBerne Shoulder Rotator offers Progressive and Resistive Exer- 
cises in a complete range, for Internal and External Rotation, Unilateral 
and Bilateral Extensor, Scapula Rotation, and Elbow Flexor Exercise. 
Built with Sensitive Resistance-Pressure Plate adjustable in height. 
Calibrated for 0 to 80 Ibs. 


Price including table 28 x 30 x 32 
Model # 9952 $159.50 


Price without table with bracket 
for attaching to plinth, 


Model # 9952-A $ 89.50 


Showing Resistance Control 
Calibration in pounds. — 


LaBerne Extension-Flexion Exercise Unit 


Designed for a complete range of Progressive Resistive Exercise to the 
Knee Joint Muscle Group “WITHOUT THE USE OF WEIGHTS. 
Exercise arm built with Reversible Ratchet on Sensitive Pressure 
Plate offering any desired resistance calibrated in Ibs. from O to 80. 
Range of motion indicator in full view of patient and therapist for 
accurately following Range Progress. 
Ideal for use with BK Amputees and 
BK Fractures, may also be used for 
Hamstring Exercise, Hip Abduction 
and Extension. Complete unit in- 
cluding table 28 x 30 x 32 with 
Quadriceps Rest, Model # 9950 


$159.50 


Above unit with Shoulder Rotator in- 
cluded, Model # 9951 $239.00 


Showing use for BK amputees and 
fractures. Range of motion dial cali- 


brated in pounds. ——— 


LaBerne Hip Rotator 


Designed for complete rotation of Hip Joint. Rotation Plate 
built at 8° angle to eliminate bending of knee during rotation. 
Mounted on roller bearings with Adjustable Arc from 4” to 
12” circle. Model # 66 





ALL PRICES FOB COLUMBIA 


.. LQ Berne MANUFACTURING COMPANY 


Columbia, S.C. P.O. Box 5245 Phone SUnset 7-6162 
® | 


al ORIGINATORS OF THE “WALK-OFF” PHYSICAL THERAPY TABLE 
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dill 


YOU'LL BE GLAD TO PRESCRIBE [P>NVACERRWOrAes 


SCIENTIFIC CONSTRUCTION 
SHOES 


Style No. 84 


Alden-Pedic lasts and shoes are scientifically de- Developed through 
signed to fit the individual foot shape and at the our modern re- 


same time accommodate your prescribed correc- search program 


tions and insertions without sacrificing any fitting 
qualities. Alden-Pedic shoes are basic prescription 
shoes. We do not manufacture a pre-corrected © Right and left ortho 
or commercial health shoe. heels, long inside 


* Long inside counter 


Orthopedic surgeons familiar with the Alden-Pedic 

rogram have achieved most satisfactory results nears Seven, ra 
P g Y and left ribbed steel 
in recommending our shoes. shank. 


Write us today for our new illustrated brochure s a 
of Alden-Pedic styles for men and boys and our a rr 

“ — accommodates pre- 
new Progress Report on Shoe and Last Design”. scribed corrections 


C.H. ALDEN SHOE COMPANY (® 


- a AND NAME OF 
Oust m Be olnakers Since 1884 NEAREST DEALER 


BROCKTON. MASSACHUSETTS ait 
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Lovis C. Weld, President, G. W. 
Chesbrough Co. ... “My own 
personal experience led to the 
development of Chesbrough 
Orthopedic Pre-Walkers, club- 
foot, open toe and closed 
toe Surgicals.” 


“Orthopedic shoes parents can afford... 
CHESBROUGH 
Corrective Pre-Walkers”’ 


“When a child in my own family needed a 
corrective shoe, I discovered what a strain it 
can mean to a family budget, because 1) cor- 
No. 1400 OPEN TOE. Straight-line sym- rective footwear is expensive and 2) frequent 
metrical last, firm heel, no back seam. . , ° : 
Adaptable to Denis Browne Splints. ; purchase of new corrective shoes is required. 
Then and there I decided there was a real 
No. 1700 CLUBFOOT, OPEN TOE. Spe- = need for a moderately priced corrective shoe 
cial outflare last, sturdy instep strap to T\\i a shoe parents could afford. That’s why 
stabilize heel. \ \ ‘ : “es 
and when Chesbrough Orthopedic Pre- 
No. 1300 CLOSED TOE. Lace-to-toe j{ Walkers were born. : 
design permits snug, gentle fit. Per- it Our 60 years of shoe-making experience 
a V | resulted in corrective Pre-Walkers of scientific 
design, expert workmanship, fine leathers 
combined with orthopedically correct lasts to 
provide necessary correction at an economi- 


G. W. CHESBROUGH CO. | 6a) price.” 


807 Smith Street, Rochester 6, N.Y. 


MAIL COUPON FOR FREE DESK SAMPLES 
Today—just three years later—orthopedic 


specialists in 45 states and several foreign 
countries are prescribing these shoes. 


NAME 

ADDRESS 

CITY 

YOUR ORTHOPEDIC SHOE DEALER All shoes in unlined white elk, sizes 000 to 4, narrow and wide. 
Available in full pairs, split pairs or single shoes (no extra 
charge for half pairs). 
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MARIO M. STONE 
TABLE STAPLE 


(SMO) 


PATENT PENDING 


INDICATIONS 
ORTHOPEDIC SURGERY 


Arthrodesis of the wrist, 

knee, ankle 

Triple Arthrodesis 

Epihyseal Arrest 

Advancement of Patella Supracondylar 
Osteotomy 

Pronated Pes Planus (talo-navicular) 
Equinovarus (calcaneo-cuboid} 


TRAUMATIC SURGERY 


Fracture of Ankle 

Fracture Dislocation of Ankle 

Avulsion of Achillis Tendon 

Parrot-beak Fracture of Calcaneus 

Fracture of Greater Tuberosity of Humerus 
Abduction Fracture of Upper End of Humerus 


pe no — ———¢ 








= 


y 





—_— — | 
mm EE 


The Mario M. Stone Table Staple offers multiple 
strength over ordinary staples, and prevents 
pivoting or shifting of the bone fragments. A 
center threaded hole engages driver and fa- 


cilitates extraction. 


RICHARDS MANUFACTURING COMPANY 
756 MADISON AVE.—MEMPHIS, TENNESSEE 
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to control nausea, 


vomiting, or retching— 


before, during, or 


after surgery 


Compazine* 





* hypotensive effects are minimal and infrequent—even during spinal anesthesia 
¢ may be administered I.V., as well as I.M., orally, or rectally 

* minimal potentiation of C.N.S. depressants 

* pain at the site of injection has not been a problem 

For immediate effect: 2 c« Ampuls (5 mg./cc.) and 10 c« Multiple dose vials (5 mg co.2i 


Also available: Tablets, Spansulet sustained release capsules, Suppositories and Syrup. 


WG) Smith Kline & French Laboratories 


*T.M. Reg. U.S. Pat. Off. for prochlorperazine, S.K.I t T.M. Reg. U.S. Pat. Off. 





"Se Tol r ha hclin 


FOR LOW BACK SYNDROME 


original. authentic. anatomically and sa hanass nic correct 


a 


for men, women and children 
Tamales jolhe- (Mol @islelaal 


Recommended position for strains and sprains 


INDICATIONS ADVANTAGES AVOIDS 
Herniation of lumbar disc Effective traction Dermatitis from adhesives 
Sprain of lower back Early relief from pain Thrombophlebitis 
Acute scoliosis Permits proper nursing Swollen ankles and knees 
Fracture of lumbar vertebrae No complications Patient irritation 

or processes 


P No contraindications Prolonged disability 
Injury to lower back following 


dithicult confinement Easily applied Quadriceps atrophy 


Simple fractures of pelvic bones Patients cooperate Prolapse of lumbar disc 








S.H. CAMP and COMPANY Jackson, Michigan 
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NOW. .-better than ever 








RUBBER ELASTIC BANDAGE 


ASSURES MORE UNIFORM SUPPORT 


Scientifically determined number of rubber 
and cotton threads provides a balanced weave 
that assures optimal therapeutic results. 


ACE guarantees even and controlled stretch 
ACE insures firmness under tension 
ACE prevents “bunching” 


ACE minimizes possibility of vein constriction 


BECTON, DICKINSON AND COMPANY: RUTHERFORD, NEW JERSEY 


COMPANY 


In answering advertisements, ple 


MAINTAINS ITS ELASTICITY LONGER 


Today, ACE provides your patient with ana- 
tomically correct support far longer. B-D’s 
newly developed type of heat-resistant rub- 
ber can withstand dry heat sterilization and 
has a greater tensile strength than rubber 
found in ordinary bandages. 


Now, more than ever, ACE is the name to 
remember. Only Becton, Dickinson and Com- 
pany makes ACE rubber elastic bandage. 


9080 





Lack the Goue with Dynamics 


Summary of Basic TEcHNics * 


MEDULLARY PIN 


PAT. NO. 2.579.968 


COMPLEX ANKLE FRACTURE 


The pins here were straight when driven. Curves were produced by intraosseous pressures to give 
stable fixation without need for external splinting. 


i, 


SINGLE PIN 


Indicated when both fragments have substantial length. 
STRAIGHT PIN: Areas indicated in black. 


CURVED PIN: Shafts of humerus, femur and tibia. Resists muscle 
angulating force by three point pressure. 


. 
~. & wf 
Humerus Shaft Femur Shaft Tibia Shaft 
* Rush, Leslie V.: Fracture Problems, Mississippi Doctor, Vol. 36, No. 5:115-118, Oct., 1958. 
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DOUBLE PINS 


SIMILAR ANATOMIC AREAS 


— 


a. 


COS) 


COMMINUTED FRACTURES 


Similar Problems: Closed pinning best. Rela- 
tively good bone length can be maintained. acual 
OOvUGLE 
PINS 








STRESS RELIEF OF HEADS 


MODERATE 
STRONG DYNANIC 
OYNAMIC FORCES 
FORCES 


; STRESS RELIEVE HEADS 
OF PINS BEFORE DRIVING 
HOME 








Pin inserted through end of bone exerts no dynamic force. Stress relief not necessary. 


Pin inserted thrcugh side of bone is forced into curve. Result: Strong dynamic force with three 
point pressure. Head of pin can sink into bone unless stress relieved. 


asive Manufacturers o 
RUSH MEDOL LARY PINS AND INSTRUMENTS 
blishers of © rr fP an » 


“ATLAS oF RUSH PIN ee 
by LESLIE V. RUSH, M. D. MERIDIAN, Miss. 


pee FOR INFORMATION r¢ ” 
, f /THE BERIVON % 
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EQUINO-VARUS 


TRa AT TO 
OE MARK 6.us” 


CONVERTIBLE 


BRACE SHOE 


Sabel introduces a newer, 
cleaner, simpler brace and shoe 
combination that simplifies the 
prescribing of corrective foot- 
wear by the doctor, for all time. 
The shoe features the Roto-Lok 
insert, a built-in serrated disc 
that is attached to the sturdy 
steel shank . . . no abrasive or 
scratching action. It’s the per- 
fect night ... and day shoe... 
with or without the brace. Saves 
an extra pair of shoes. 


“BUILT-IN ROTO- LOK INSERT 


The setting of the splint on the shoe is made easy by a protractor that is 
stamped on the sole of each shoe. 


EMBOSSED PROTRACTOR STAMPED ON SOLES 


The brace has a matching serrated disc and smooth knurled nut that 
screws into the disc in the sole of the shoe, holding it firmly in the position 
the doctor desires. 

This smoother brace has no protruding arms or edges to cut or tear bed 
clothing. 


R. J. POTVIN SHOE CO., BROCKTON, MASS. 
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Zactirin 


for everyday pain control... 


for your many patients requiring 


potent analgesia but not an injected narcotic 


Proved by extensive evaluation’? in 1998 patients 
in diverse areas of medicine and surgery, including: 
arthritis, bursitis, early metastatic carci- 
noma, fibrositis, grippe, herpes zoster, liga- 
mental strain, low back pain, menstrual pain, 


myalgia, myositis, neuritis, pleurisy, post- 


operative pain, postpartum pain, sciatica, 
trauma, dental pain 


® exclusive Wyeth non-narcotic analgesic plus 
anti-inflammatory action 


© prompt, potent action—as potent as codeine 


© documented effectiveness and safety!.2.3 


Supplied: Tablets, bottles of 48. Each tablet Wijeth 
contains 75 mg. of ethoheptazine citrate ~ 


and 325 mg. (5 grains) of acetylsalicylic acid. Philadelphia 1, Pa 





R RETRACTORS 
VESELY-STREET SPLIT NAILS 
| OSE HIP PROSTHESES 
PINS 
| STRYKER 
IRCOLECTRIC BEDS 


WRIGHT BONE CLAMPS 


n 


Wright Manufacturing Company 

cordially invites you to view the aleve 
items in booths 42 and 43 al the 
meeling of the American Neademy 
of Osthopacdic Surgeons in Chicago 


January 24th through the 29th. 


WRIGHT MANUFACTURING COMPANY 
880-882 ADAMS AVENUE @ MEMPHIS 3, TENNESSEE 





STRAIGHT LAST CONSTRUCTION 





« Extra Heavy Chrome 
Retan Outsole 
* Right and Left 
Spring Steel 
Shank 
« Right and Left 

Thomas Heel 
(No Wedge) 


¢ Goodyear 
Welt Construction 


e Long Inside Counter 


¢ Mismate Service on All 
Straight Last Styles 











HERBST Shoe Manufacturing Co., Milwaukee 45, Wisconsin 
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flow-2 TRUE 
Straight Last Shoe 


The result of more than two years’ in- 
tensive research, testing and medical con- 
sultation, Child Life STRAIGHT LAST 
Shoes are right in every way — to merit 
your professional recommendation. 

You'll find they allow greater freedom 
for normal foot action and growth... 
provide ample toe room to allow toes to 
grow straight forward. Additionally, 
Child Life STRAIGHT LAST Shoes are 
readily adaptable for all prescribed 
wedges ... they’re properly designed as 
dependable “follow through” shoes for 
corrections already attained ... and be- 
cause of their welt construction, Child 
Life STRAIGHT LAST Shoes lend them- 
selves to use with Denis Browne Splints. 

Write for the names of the competent 
Child Life Dealers in your area. 


Many Styles, 
Sizes, Widths 


, 
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The NEW 
DUAL 
PURPOSE 


rar ma 
VASELINE --- 


PETROLATUM GAUZE U.S. P 
STERILE 


3x3 PAD, opens to 3x9 INCHES i 3x Q” * 


Shorter length ends waste 
on small area wounds. New Z-fold 
insures perfect graft takes. 


Guaranteed sterile at time of use. 


Gth SIZE of 
VASELINE® 


1" PETROLATUM GAUZE 


Three-ply, fine-mesh Now supplied in: 1/2°x 72° 3x 18” 
gauze, lightly impregnated — 1’x 36” 3" 36" 


for use in physician's —)* = ” f 
ee es 3’ 3°/ 3’«9 6" 36” 
office, industrial medical 


Sole Maker: 
CHESEBROUGH-POND’S INC. 


Professional Products Division 


New York 17, N. Y. 


department, first aid. 


VASELINE is a registered trademark of Chesebrough-Pond's Inc. 





PARAFON 


PARAFON 


with PREDNISOLONE 














FOR GREATER STRENGTH AND SAFETY — 


pemano Genuine NEUFELD NAILS ona SCREWS 
-in NEUTRILIUM* 


NEUTRILIUM® is the most non-corrosive metal known co science. Its proven super- 
strength lends an assurance of permanence to internal fixation of the trochanteric 
area. This neutral, non-magnetic, homogenetic alloy is entirely inert and therefore 
compatible with human bone or tissue, remaining unaffected by body chemistry. 





NEUFELD BONE SCREWS of NEUTRILIUM® are cold forged and, 
unlike other metals, appear to be unbreakable under maximum human pressures 
Heads will not twist off during application or in actual use 


GENUINE NEUFELD NAILS and SCREWS — of NEUTRILIUM® — made only 
by MEDICAL RESEARCH SPECIALTIES, Loma Linda, California, are sold 
nationally by leading surgical and orthopaedic supply dealers. 


NEUTRILIUM® is a regsstered Trade Name of Medical Research S pectaltses 


NEUFELD FEMORAL NAIL PLATE 


Used for internal fixation of intertrochanteric 


and subtrochanteric fractures 


MEDICAL RESEARCH SPECIALTIES 


Loma Linda, California 


cz 
ravines 
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UNEXCELLED 
FOR RELIEF OF 
SKELETAL 


MUSCLE 
spicy 


WiLITOWN 


Simultaneous relief The dual action of Miltown in EFFECTIVE IN 
of muscular tension neuromuscular disorders “calms 
patients made chronically irrita- 
ble by pain, thereby both improv- 
‘ ing their mental state and increas- 
therapeutic results ing their physical comfort... It 
was found to be the best muscle 
relaxant available to date for use 
in these conditions.’ 


and anxiety with 
Miliown improves 


Miltown is notably safe. It does 
not disturb autonomic balance, and 
does not impair mental efficiency or 
physical performance. 


probamat t t t of skeletal r 
Ann. New York Acad 67:853, May9, 1 


Supplied: 400 mg. scored tablets, 200 mg. sugar-coated tablets 


@ 
’ WALLACE LABORATORIES, New Brunswick, N. J. 
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BOYES-PARKER 
HAND OPERATING TABLE 


RICHARDS ADJUSTABLE 
SURGERY STOOL 


The Richards adjustable stool is designed pri- 
marily to be used with the Boyes-Parker Hand 
Operating Table. Constructed of durable steel 
tubing, chromium plated. Three legs give stabil- 
ity. The stool embodies the features of an ideal 
seat for the hand surgeon. The saddle shaped 
hardwood seat is firm and comfortable. with 
rounded edges 

The rigid stool does not swivel; there are no 
casters to slide. Simple and positive up and 
down adjustment. By sitting on a stool that does 
not pivot or wobble, the surgeon can maintain 
an efficient, tireless posture, resting the elbows 
on the projecting curves of the hand table. 


No. 455 SURGERY STOOL 


U. & PATENT NO. 2.609.261) 








; . . . . . 7 
The surgeon and his assistant will find a scientifically 
designed workbench, efficient and steady, in the Boyes- 
Parker Hand Operating Table. It eliminates tension and 
strain during operations. Relieves cramped positions of 
the hands. arms and shoulders. Space for forearms and 
elbows improve operative steadiness without tiring. and 
can thus cut down operating time by 20%. 
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The Cervical Spine 
( EDITORIALS) 
FUSIONS OF THE CERVICAL SPINE 


The seven cervical vertebrae with their intervertebral dises and posterior 
articulations encompass the spinal cord, the nerve roots, and the two vertebral 
arteries with their associated sympathetic nerves. These structures are compactly 
associated one with another. 

The cervical spine is not only a flexible support between two rigid elements, 
the head and the thoracie spine, but when normal it also protects the spinal cord 
and its blood supply, and the vertebral arteries and their associated sympathetic 
nerves. 

The head contains several of the special senses: hearing, sight, smell, and 
taste. For this reason the head normally moves frequently and often rapidly. The 
neck is thus subject to constant activity even in people of sedentary habit. If use 
over time plays a significant role in intervertebral-dise degeneration, it is small 
wonder that so many people after the third decade of life show cervical-spine wear 
and tear. 

With dise degeneration occurring either gradually without trauma or follow- 
ing acute trauma to the neck, secondary arthritic spurs or bone proliferation even- 
tually appear along the edges of the vertebral bodies and adjacent to the degener- 
ated dise and at sites of isolated degeneration-of the posterior articulations. This 
spur formation can become particularly troublesome in two places. 

First, it ean be troublesome in the region of an intervertebral foramen for 
Within it a nerve root passes to the brachial plexus and the arm. The edges of the 
vertebral bodies here form the articulation-known as the post-central, unco- 
vertebral, or Lusehka’s joint. The posterior articulation lies on the other side of the 
intervertebral foramen and sometimes spurs from this joint protrude into the 
foramen. These spurs and their overlying soft tissues can compress the nerve root 
as it passes through the foramen. The nerve root on the other hand often cannot 
move away from such bone projections because it is rather firmly situated in the 
bony ring of the intervertebral foramen *. These spurs have also been noted to 
intrude into the path of the vertebral artery *°. Each artery is held rather se- 
curely in a connective-tissue canal enclosed within bony rings at each vertebral 
level from the first to the sixth cervieal vertebra. Thus the arteries cannot freely 
move away from these spurs. Spurs may be particularly troublesome as the verte- 
bral artery passes laterally over the joints between the lateral articular masses 
of the first and second cervical vertebrae. 

Second, osteo-arthritie spurs can give particular trouble when they are pres- 
ent along the posterior margins of the vertebral bodies. Directly behind them in 
the spinal canal lie the extradural fat and veins, the meninges, and the spinal 
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cord. The spinal cord is so fixed against the front of the spinal canal by denticulate 
igaments that it cannot avoid these bone protuberances on the back of the verte- 
bral bodies if they become sufficiently prominent. 

When symptoms and signs are due to compression or irritation of nerve roots, 
or the vertebral arteries by such bone spurs, treatment by immobilization of the 
neck with a suitable brace, by continued head-halter traction, and by better 
posture habits have become time-honored. These measures normally bring relief 
in from a few days to a few weeks, especially if combined with rest. In other words, 
if motion at the site of these bone spurs between vertebral bodies ceases, the irri- 
tated soft tissues can apparently accommodate to these encroachments. 

Notable are the exceptions. Uncommonly, in a patient in the later decades, 
the pain becomes intractable despite a well planned and carried out program of 
traction, rest, and adequate external fixation. Constant nagging, local, and often 
referred pain become incapacitating and almost unbearable. In such a situation 
spine fusion may be indicated, with or without excision of the posterior articula- 
tions, at the intervertebral levels determined to be involved by the offending osteo- 
phytes. Such a fusion may be performed by the anterior or posterior approach. 
By the anterior approach the intervertebral-disc material may be removed and a 
bone block placed between the vertebral bodies '’. If immobilization by fusion 
proves insufficient to stop the nerve-root symptoms such an anterior fusion allows 
free access posteriorly for subsequent laminectomy and excision of the posterior 
articulations without loss of stability of the cervical spine. Posteriorly the spinous 
processes may be incorporated in a fusion mass with bone grafts. The grafts and 
the posterior spinous processes can be held relatively immobile during fusion by 
internal fixation afforded by stainless-steel wire when correctly applied to the 
posterior spinous processes *. However, if the posterior arches have been removed, 
and particularly if prior laminectomy was accompanied by removal of the pos- 
terior articulations, then the anterior approach is often the preferable one since it 
is more difficult to bed the graft posteriorly under such conditions. 

Should symptoms of chronic cord attrition be present, characterized by typi- 
cal neurological signs in the lower extremities, laminectomy with division of den- 
ticulate ligaments followed by posterior fusion may be indicated. 

Three to five months following extensive laminectomy and excision of pos- 
terior articulations, neck pain is not an unusual complication. In such patients 
there is obvious roentgenographie evidence of distortion of the normal smooth 
curve of the cervical spine in flexion and extension as seen in lateral roentgeno- 
grams made with the patient standing. Cervical-spine fusion appears to be indi- 
cated in these instances. The anterior approach often offers less technical difficulty 
than the posterior approach in such a situation. 

A word of caution is due regarding anterior fusion of the cervical spine in the 
presence of osteoporosis. In such spines it is easy to miss the intervertebral disc 
and proceed into the body of a vertebra while seeking the dise. Great care must 
be taken to locate exactly the fusion site. Roentgenographic control at the oper- 
ating table is essential. This is facilitated with a needle centered in the dise space 
to be removed. Then one must follow the course of the dise exactly as it passes 
between the two vertebral bodies that are to be fused together; otherwise, the graft 
may not be placed in the ideal position between the two bodies. Other precautions 
regarding anterior cervical-spine fusion have been enumerated !". 

Another word of caution is due regarding the technique of posterior fusion. 
Subperiosteal exposure of the lamina is adequate when autogenous cancellous 
iliae-slab grafts are used. Decortication of the lamina is unnecessary and may 
result in cord damage from the use of the hammer. It is to be scrupulously avoided. 

Cervical vertebrae are shaped primarily to impart flexibility to this segment 
of the spine, a flexibility which is gained at the expense of stability. The highly 
flexible cervical spine spans the interval between a massive body, the head, and 
the relatively rigid mass of the chest. Accordingly, the cervical vertebrae are 
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mechanically vulnerable not only because of their shape but because of their 
function. 

Perry and Nickel ® point out that “a flail cervical spine is an increasing prob- 
lem for the orthopaedic surgeon due to the large numbers of persons surviving 
respiratory paralysis due to poliomyelitis.” They noted that when the head ex- 
tensors are not functioning the neck extensors are usually also paralyzed. If the 
function of the neck extensors alone is lost, fusion extends from the third cervical 
to the third thoracie vertebra; whereas if the function of the head extensors is also 
lost, the fusion is from the occiput to the third thoracie vertebra. 

When the head, without warning, is suddenly accelerated or decelerated in 
relation to the body in snapping injuries, the bony and soft tissues of the cervical 
spine bear the brunt of such forces without the full help of the muscles. Injuries 
involving sudden acceleration and deceleration in motoring have become increas- 
ingly common in the last forty years for obvious reasons. 

Dislocations, fractures, and fracture-dislocations of the cervical vertebrae 
and dise injuries, whether acute, long-standing, or recurrent, with acute protrusion 
or subsequent degeneration are especially hazardous because the spinal cord, much 
of the course of cervical-nerve roots, and vertebral arteries and their accompany- 
ing sympathetic nerves are contained within the bone column, injuries to which 
may be crippling, irreparable, and sometimes fatal. Momentary or persistent dimi- 
nution in the lumen of the spinal canal of the intervertebral foramina or of the 
foramina for the vertebral artery may result in compression of any of these 
structures. This diminution in the diameter of the bone canals in the cervical spine 
may be continuous or intermittent depending on the nature of the displacement. 

A high proportion of cervical-spine injuries result in instability whereby 
preservation of the lumen of the vertebral canal is no longer assured, regardless 
of whether or not complete reduction of the fracture-dislocation has been effected 
by skull traction or any other means. This is inevitable by the nature of the injuries 
characteristic of those in the cervical spine. Where mechanical instability is 
present between vertebrae, one may elect to fix and fuse posteriorly the involved 
laminae and spinous processes. Before finally deciding upon internal fixation and 
fusion, it is essential that all indications for laminectomy, half or full, be reason- 
ably ruled out in the opinions of those qualified and directly responsible. 

Such stabilization procedure may be done early. The bases of the spinous 
processes of the involved vertebrae are wired together and to those of the normal 
vertebrae above and below. This affords sound internal fixation while fusion is 
taking place. The patient can then be ambulatory provided he wears a neck 
brace until the injured levels of the cervical spine become solidly fused *. Such a 
brace prevents wide ranges of motion thus avoiding erosion of bone by the fixa- 
tion wire. 

After a fairly extensive subluxation or after a dislocation of one vertebral 
body on another, spontaneous anterior-body fusion and occasionally fusion of 
the posterior articulations may occur within six to nine months. However, if the 
patient is treated during this time by external fixation alone, as with a Minerva 
or Calot jacket, a recurrent subluxation of the cervical spine may gradually appear 
at the site of injury. This may cause symptoms or be functionally disabling. 
Therefore, shortly after injury, if one experienced in cervical-spine fusion is 
available, correction of the post-traumatic deformity may often be effected and 
secured by internal fixation (a graft held in place by No. 22 stainless-steel wire 
for instance) and subsequently the patient may be up and about with a light neck 
brace until fusion is solid. Thus recurrence of deformity in a plaster jacket and 
the heavy jacket itself are avoided. 

When dislocation occurs unilaterally, as in flexion rotatory mechanism, even 
skull traction may be ineffective in reducing the displacement. Furthermore, the 
inferior articular process of the superior vertebra at the dislocation site may be 
compressing a nerve root causing the patient severe pain. When oblique roentgeno- 
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grams of the spine show this situation to be present, particularly if there is a ques- 
tion of a fracture of the posterior elements of the involved vertebrae, it is the 
author's firm conviction that open reduction soon after injury is preferable to 
attempted closed manipulation or extensive trials of heavy traction. Under local 
anaesthesia the site of dislocation is exposed. The superior part of the more 
caudad process may be rongeured away under direct vision while the patient can 


deseribe any untoward symptoms; the more cephalad dislocated facet is pried back 
over the more caudad one. If no fracture is present in the posterior arch, this 
maneuver may be facilitated by firm traction obtained by bone-grasping forceps 
applied to the spinous processes of the involved vertebrae. Once the reduction is 
effected the neck can be extended further by gradual elevation and tilting of the 
cerebellar headrest upon which the patient’s head is supported during the opera- 
tion Following reduction, the spinous processes of the involved vertebrae can be 
fixed together by wiring and fused by placing bone over the denuded spinous proc- 
esses. If a fracture is present the fusion site must of course extend to the first normal 
posterior arch above and below the fractured arch ¢. 

When dislocation occurs bilaterally with cord compression or transection, 
«keletal-tong traction is applied as soon as possible. Subsequently when laminec- 
tomy is performed, reduction of the dislocation and fusion are carried out under 
direct vision, if such reduction and fusion can be achieved without aparent risk of 
cord compression and if the patient can tolerate the extra surgery. Stability 
achieved in this way certainly makes convalescence easier. If a transection of the 
cord is obvious at laminectomy, fusion is indicated to facilitate postoperative care. 

If the patient’s neurological functions imrove with skull traction without 
laminectomy or after simple laminectomy even if reduction of a cervical dislocation 
is not wholly achieved, it would appear best to continue treatment for about three 
weeks and then fuse the cervieal spine, perhaps without further reduction, when it 
ean be done under ideal operative conditions 

Where wide laminectomy has been performed, fusion of the cervical spine is 
often desirable, if not absolutely necessary, because of pain in the neck, irritation 
of the spinal cord on motions of the neck, or for obvious instability of the neck 
shown roentgenographically. In such instances, fusion can be performed by 
either the anterior or the posterior approach. In cases where fusion of the first and 
second vertebrae are necessary due to fracture of the odontoid process or because 
of abnormal mobility between these vertebrae, or in those rare instances where 
there is abnormal mobility between the skull and the first cervical vertebra, fusion 
is performed by the posterior approach. In those instances in which there is a frae- 
ture of the arch of the first cervical vertebra or where there is instability of the 
skull on the first cervical vertebra, fusion may be carried from the skull down to 
the second or third cervieal vertebra. Where there is simple instability between 
the first and second cervical vertebra and the posterior arch of the first cervical 
vertebra is intact, posterior fusion between the first and second cervical vertebra 
may be done, after fixing the arches of these vertebrae together by wire in slight 
extension to prevent redislocation before fusion is complete. Forsyth, Alexander, 
Davis, and Underdal noted that redislocation had occurred in two of fourteen 
patients fused for fracture-disloeation of the atlas on the axis when only these 
two were fused together. Therefore, they have made it a custom to include the 
third cervieal vertebra and use a rib or other rigid cortical-bone graft firmly 
wired to the posterior arches of the first, second, and third cervieal vertebrae, 
bilaterally, to prevent redislocation between the first and second cervical vertebrae 
after fusion. As noted previously, these operations by the posterior route can be 
performed under local anasethesia and thus one avoids intubation problems and 
the loss of voluntary cervieal-muscle control. On the other hand, some patients 
cannot tolerate an operation of this magnitude under local anaesthesia. 

In those instances where extensive laminectomy has been performed or where 
there are fractured posterior-arch elements and fusion is desired somewhere be- 
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tween the second cervical and first thoracic vertebra, the anterior cervical approach 
may be used. However, the anterior cervical approach does not lend itself to local 
anaesthesia. Therefore where there is «vlesire for the operator to know the reac- 
tion of the patient at different stages of the operative procedure, it is best that the 
operation be performed through the posterior approach where local anaesthesia 
can be used. 

If a section of the cervical spine, devoid of posterior arches from some pre- 
vious lamin@etomy, is to be fused from thg posterior approach, bone can be laid 
down over the exposed posterior articulations on each side of the spinal canal and 
fixed in place by running No. 22 gauge stainless-steel] wire through drill holes in 
the inferior articular processes of each of the vertebrae to be fused on each side of 
the spine. These wires enter the drill holes superiorly and come out of the joint 
inferiorly at each vertebral level. These various loops are then closed and tight- 
ened in turn over a strut of bone lying over the joints on each side 1. In all instances 
of posterior cervieal-spine fusion it seems well, if possible, to stabilize the grafts 
and the spine with No. 22 stainless-steel wire, particularly if a dislocation has 
been reduced. Thus position will not be lost, less bulky external fixation will be 
necessary postoperatively, and fusion will oceur'more quickly because of the im- 
mobilization that is possible when wire fixation is applied efficiently. 

Several points of caution ought to be mentioned in relation to the procedure 
of fusing the cervieal spine. If the fusion is to be performed under general anaes- 
thesia for an unstable fracture or dislocation or for severe osteo-arthritis, it 1s 
mandatory that during intubation neither flexion nor extension of the neck be per- 
mitted. Nasal intubation is, therefore, advised. Whenever there is doubt about 
the stability of the spine and when for this reason the patiett’s own muscle control 
of his neck is desirable during cervical-spine fusion, it would appear best, if the 
patient can tolerate it, to do the fusion posteriorly under local anaesthesia. For 
instance, local anaesthesia is advised when reductiox of bilateral complete anterior 
dislocation and subsequent spine fusion is to be done. 

Fusion is also indicated in treating tuberculosis, and also in certain neo- 
plasms of the cervical spine especially where stability is threatened. 

The spontaneous cervical dislocations, often multiple, which are uncommonly 
found in rheumatoid arthritis may present a difficult problem in treatment. It 
would seem that for the present each has to be treated on its own merits. 


SUMMARY 


Fusion of the eervieal spine may be done bythe anterior approach from the 
level between the second and third cervieal vertebra down through the seventh 
cervical and first thoracie vertebra. Fusion through the posterior approach may be 
performed all the way from the skull to the thoracic vertebrae including all or any 
combination of cervical vertebrae that may be desired. It appears that there are 
two important indications for fusing the cervical spine: to prevent mechanical irri- 
tation of important neural and vascular tissue at sites of bony spur formation 
between two vertebrae, and to maintain the normal dimensions of the various bone 
canals in the cervieal spine when instability between cervical vertebrae tends to 
constrict these canals 

The timing, the anaesthesia, and the approach should be considered carefully 
prior to surgery. Roentgenographic control in the operating room is often essen- 
tial and always desirable. When dealing with the cervical spine one must remem- 
ber that the function of the spinal cord, the nerve roots, and the vertebral arteries, 
with their accompanying sympathetic nerves, is the most important consider- 
ation. Surgery on the bone structures of the cervical spine must be designed to pro- 
tect or improve the function of these enclosed soft tissues. 


Robert A. Robinson, M.D. 
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ON SPINAL-CORD INJURIES 


As yet there exists no unanimity of opinion relative to the treatment of verte- 
bral injuries; this is particularly true in cases where the spinal cord is involved. 
Neurosurgeons of comparable experience and judgment, and of unquestioned 
integrity, frequently hold completely divergent views on various phases of this 
problem Men who are acknowledged experts 1n the field of spinal and spinal-cord 
surgery differ markedly in their opinions on the management of spinal injuries. 
Nevertheless, I will dare to make certain dogmatic statements concerning these 
injuries, and will then qualify and discuss them in more detail. 

1. If paralysis occurs immediately, and is complete for twenty-four hours 
following injury, it will be permanent; no form of treatment directed toward the 
spinal cord itself will aid in its amelioration. (This does not apply to lesions of 
the eauda equina.) 

2. In any closed type of fracture-dislocation of the cervical spine, the imme- 
diate application of skeletal traction, first described by Crutehfield, should be 
undertaken as soon as possible 

3. If, following the reduction or partial reduction of a fracture-dislocation 
of the cervieal spine, paralysis is absent and instability persists, Rogers’ rule that 
treatment should be aimed at preventing late or further cord damage by stabilizing 
the cervical spine through internal fixation and fusion is, I believe, a sound rule to 
follow 

4. In the syndrome of acute central cervical-cord injury, as described by 
Schneider ®, in which there is no evidence of fracture-dislocation, yet paralysis of 
the upper extremities is present in the presence of function in the lower extremi- 
ties, laminectomy is contra-indicated. 


5. In those rare cases where the neurological lesion is progressive, immediate 
laminectomy should be carried out, if a disturbance in the alignment of the verte- 
bral bodies cannot be rapidly correeted by skeletal traction. 
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Before the preceding statements are discussed in greater detail, it might be 
well to say a word about the symptoms and signs which help to locate the verte- 
brae involved in a fracture-dislocation before roentgenograms are made. A severe, 
continuous pain which radiates from the neck into both occipital regions suggests 
fracture-dislocation of the atlas on the axis. If roentgenograms have been made 
and have been interpreted as normal, others should be made if the pain continues 
for a period of days, since an atlanto-axial dislocation is sometimes slowly pro- 
gressive and may be overlooked at an early stage, even by experts. 

When paralysis results from a fracture-dislocation of the sixth on the seventh 
cervical vertebra, the fifth and sixth cervical-cord segments, which innervate the 
biceps muscles, are usually spared. The position of the patient in such cases is 
ordinarily a characteristic one; the arms are in a flexed position across the chest 
and the motionless hands are half closed. If the fracture-dislocation is of the fifth 
on the sixth cervical vertebra, the arms may be held at right angles to the long axis 
of the body, the forearms being moderately flexed, and the hands lying at the 
level of the head. If the fracture-dislocation is at the fourth or fifth cervical verte- 
bra and paralysis occurs, the arms will lie motionless at the patient’s sides. A frac- 
ture-dislocation of the third or fourth cervical vertebra, involving paralysis, is 
ordinarily fatal, although I have seen one patient with this injury who survived. 

The location of a fractured vertebra in the thoracic region is usually not diffi- 
cult to determine when paralysis is present. The locus is ordinarily a vertebra or 
two above the cord segment at the uppermost level of anaesthesia. It should be 
remembered that the fifth thoracic segment encompasses the nipples; and the tenth, 
the umbilicus. 

In fractures at the twelfth thoracic or first lumbar vertebral level, where dam- 
age to the conus medullaris results, there is loss of sphincter control and the ankle 
reflexes are usually absent. No anaesthesia may be demonstrable over the anterior 
surface of the body in such cases, but one should never fail to examine the saddle 
area where anaesthesia will be found. In any back injury which causes complete 
motor and sensory paralysis of the legs but when normal control of the anal and 
vesicle sphincters remains, the diagnosis is inevitably one of hysteria 

For anatomical reasons, the damage to nervous tissue resulting from spinal 


injury varies in the cervical, thoracic, and lumbar regions. Fracture-dislocation is 
most likely to occur in the more mobile portions of the spine, or when a mobile por- 
tion of the spine adjoins a more stable one. The thoracic spine is comparatively 
well fixed by the rib cage, and is not commonly injured except for the twelfth 
thoracie vertebra which, incidentally, is not similarly fixed. In the thoracic region, 
the narrowness of the canal in proportion to the size of the cord is more likely to 


give rise to spinal-cord damage than in the cervical and lumbar spine where the 
canal is wider. The experienced neurosurgeon knows that because of the narrow- 
ness of the thoracic canal, there are few operations as difficult as the removal of a 
ruptured dise from the thoracic area; and, if the dise should be caleified, the diffi- 
culties are compounded. (I have never seen recovery take place when complete 
paralysis has followed non-operative trauma to the thoracic spine.) 

The spinal cord ends, as a rule, at the level of the first lumbar vertebra as the 
conus medullaris. Injuries to the lumbar spine below this vertebra consequently 
have a far better prognosis. The cauda equina, whose components have the strue- 
ture and mobility of peripheral nerves, is less vulnerable to trauma, whether 
caused by fracture or missile, than the more fixed and softer conus. I have seen a 
complete lateral dislocation of the body of the third on the fourth lumbar vertebra 
which resulted in almost no weakness of the lower extremities and which left the 
sphincters intact. 

When the cervical spine is extended, the articular processes become locked in 
their normal position making the spine extremely stable and resistant to dislo- 
cation. In cases of acute flexion of the cervical spine, on the other hand, the verte- 
brae are particularly prone to dislocation by a downward compressing force, 
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and the overriding of the superior vertebra will be marked if the intervertebral dise 
is torn from one of the cartilaginous plates. When the intervertebral dise is avulsed 
and the superior vertebra slips far forward on the one below, the ligamentous and 


capsular structures surrounding the articular processes will be torn as well, so that 


the vertebrae involved can be widely separated by raction and reduction fa- 
cilitated. Conversely, when reduction is easily accomplished, redislocation is 
most likely to occur. As Badgley has pointed out, it is in these cases with roentgeno- 
graphie evidence of instability that fusion should be performed. It is in the 
minor types of displacement, where the dise is not avulsed, that reposition may 
be found to be quite difficult. Considerable force is needed to disengage abnormally 
locked articular processes when the ligamentous vertebral connections have not 
been damaged. It is in such cases, at times, that open reduction with skeletal 
traction applied must be employed so that the articular processes can be exposed, 
and reduction, under direct vision, accomplished. It would seem only logical to 
perform posterior fusion at the same time, provided an extensive dural exposure 
Is not present 

It is now generally agreed that patients suffering from fracture-dislocation 
of the cervieal spine, whether the spinal cord is or is not involved, should be placed 
immediately in skeletal traction. Crutchfield, whose method revolutionized the 
treatment of fracture-dislocation of the cervical spine, has advised that not more 
than thirty-five pounds of weight be used and that this amount be reduced to from 
five to seven pounds as soon as reduction has been completed in order to minimize 
overstretching the ligamentous structures, which, in his opinion, tends to increase 
the possibility of subsequent instability of the spine. He advised that traction be 
maintained for six weeks in cases of fracture-dislocations of the lower cervical 
vertebrae and three months in cases of dislocation of the atlas on the axis. He felt 
hat af this procedure was properly carried out, fusion would rarely be necessary. 
With this view, I am not wholly in accord. Internal fixation by wiring the atlas to 
the axis, while skeletal traction is applied, is not an unduly dangerous procedure, 
and a posterior bone fusion carried out at the same time guards against redisloca- 
tion and markedly shortens the period of immobilization. Following Badgley’s 
advice, Yglesias and I performed posterior fusion for an atlanto-axial dislocation 
in 1934, and many cervical dislocations have since been fused suecessfully at 
the University Hospital without increasing the neurological defect and without 
fatality. 

Several recently recognized syndromes associated with spinal injuries are of 
interest. The so-called tear-drop fracture-dislocation of the cervical bodies, de- 
scribed by Schneider® (also described by others as the bursting fracture of the 
vertebral body), results from an acute flexion injury in association with severe 
longitudinal compression. The result is a forward extrusion of a portion of the 
anterior part of the body along with a protrusion of the postero-inferior part of the 
body into the vertebral canal. The cord may be completely crushed against the 
lamina but if the denticulate ligaments hold, attaching the cord to the dura, the 
trauma may be dissipated into the anterior part of the spinal cord, sparing the 
posterior columns. The result is that below the lesion there is paralysis with loss 
of the sense of pain and temperature, but with preservation of the sensations of 
touch, motion, and position. That the denticulate ligaments may aid in prevent- 
ing the cord from being crushed against the laminae is most probable, for I have 
never seen traumatic rupture of the denticulate ligaments except when complete 
pulping of the spinal cord has occurred. 

The tear-drop or bursting fractures should be treated immediately by cervical 
traction. If some cord function has been preserved and the neurological signs do 
not improve within a few days, laminectomy performed with the patient in trac- 
tion is probably advisable. Although the chances are that the damage to the cord 
occurred immediately at the time of injury, there is always the possibility of a pro- 
truding dise which can be removed. Under these circumstances it is advisable to 
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explore the cord by laminectomy, cutting the denticulate ligaments to decompress 
the cord thoroughly. If recovery takes place after this type of fracture there is a 
tendency for symptoms to recur later and, for this reason, it is advisable to per- 
form a fusion of the involved vertebral body to the vertebrae above and below 
through an anterolateral approach. 

In 1951, Taylor reported the case of a patient who showed no evidence of 
fracture-dislocation of the cervical spine by roentgenogram but whose spinal cord 
had been severely damaged. He attributed this to compression of the spinal cord 
between a bone spur, anteriorly, and the inward bulging ligamentum flavum, 
posteriorly. He demonstrated this mechanism, by myelography, in cadavera. 

In cadavera of elderly people, in which hypertrophic bone spurring was 
known to be present, hyperextension produced encroachment on the spinal canal, 
both anteriorly and posteriorly. Schneider * has collected a series of cases of what 
he has termed “acute central cervical spinal cord injury.” He has demonstrated 
by mechanical means, and by postmortem examination, that the effeet on the 
spinal cord as described by Taylor is to concentrate the injuring force in the cen- 
tral part of the cord, whether or not it results in concussion, oedema, or necrosis. 
Since the outer portion of the cord is spared to some extent, the nerve fibers to the 
lower extremities which lie most superficially in the pyramidal tracts will not be 
markedly damaged; while the central portion of the spinal cord, which includes 
the anterior horn cells and the most medial portion of the pyramidal tracts, ab- 
sorbs the main impact, resulting in paralysis of the upper extremities. This syn- 
drome is being recognized more and more frequently in older persons who have 
suffered a hyperextension injury of the cervical spine but who show no evidence 
of fracture-dislocation. The syndrome is characterized by paralysis of the hands, 
weakness of the arms, and sphincter disturbances, but the patient still has some 
use of his lower extremities. The prognosis depends upon whether or not the con- 
centration of the force centrally in the cord has resulted in true structural damage 
or merely concussion or oedema. In the absence of a manometric block, which 
might indieate an extruded intervertebral dise, surgery is contra-indicated in pa- 
tients with this syndrome. Personally I can see no reason for immobilizing patients 
in this older age group by traction. The prognosis is sometimes surprisingly good. 

The most controversial decision relating to spinal-cord injuries is this: 
should laminectomy be performed? If the paralysis is immediate, complete, and 
lasts for a period of twenty-four hours, funetion of the spinal cord will not return; 
and if the vertebral malalignment in the cervieal region is corrected nothing ¢an 
be accomplished by open operation, whether or not a spinal manometric block is 
present. If pressure is brought to bear on the surgeon by the patient or his rela- 
tives for the performance of a laminectomy, I do not see how the surgeon can 
refuse to do the operation although he should stress the fact that reduction of the 
dislocation has achieved all that a laminectomy could accomplish. A number of 
patients have remarked to me, after enduring long periods of paralysis, that they 
wish that somebody had looked at their spinal cords. 

It is in the incomplete lesions of the cervical spinal cord that the question of 
laminectomy is so highly debatable. If the lesion is incomplete and realignment 
of the vertebral column has been established, laminectomy is advisable if the 
paralysis does not lnprove ; but the operation should be performed only when the 
general condition of the patient has become stabilized. Such an operative pro- 
cedure must be carried out while the patient is in traction, and by sharp dissection. 
This is one operation in which the gloved finger should palpate the depths of the 
incision, probing for laminar defects and exposed dura during the process of ex- 


posure in order to prevent further injury to the already severely compromised 
spinal cord. Fatality in such operations today is almost negligible. There are, 
however, two disadvantages in operating upon incomplete lesions of the spinal 
cord. The first is that the unskilled surgeon, in exposing a displaced and compro- 
mised spinal cord, may eliminate any chance for future Improvement in function 
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by a false move. The second is that laminectomy further increases the instability 
of the cervical spine, but anterior fusion can always be carried out later through 
a lateral approach to the bodies of the vertebrae. 

Some ingenious experiments were recently carried out by Tarlov in which 
paralysis was produced in dogs by inflating balloons intraspinally and then simu- 
lating decompressive laminectomy by deflating the balloons. When large com- 
pressive forces were used, he found that recovery could take place in the spinal 
cord if the compression was released within three minutes after paralysis was 
produced. With minimal spinal compressive forces, recovery occurred after periods 
of compression as long as two hours. Tarlov urges early decompression in fracture- 
dislocations which are accompanied by spinal-cord paralysis—mainly, it would 
seem—on the basis of his laboratory research. This appears illogical to me since 
experiments on the spinal cord of the dog cannot be applied to man; the compress- 
ing foree of a balloon cannot be compared with that of bone fragments; a decom- 
pressive laminectomy cannot be compared with the deflation of a balloon since in 
the former procedure it is often very difficult to free the anterior surface of the 
spinal cord from the posteriorly projecting, kyphotie fragmented body even when 
the denticulate ligaments are sectioned. Finally, how would it be feasible to decom- 
press a spinal cord even two hours after a fracture-dislocation has occurred; and 
what would be the mortality rate? 

An interesting and important sidelight of Tarlov’s study is the demonstra- 
tion that “Great compressive forces applied to the eauda equina for as long as five 
hours, and probably much longer, are compatible with full functional recovery 
after their release’. This statement coincides with the opinion of most neuro- 
surgeons, particularly those who have seen war service; but, as far as I am aware, 
this experimental study represents the first real documentation of neurosurgical 
clinical impression. 

The evidence for the greater resistance to trauma of the cauda equina over 
the spinal cord leads nicely to a discussion of laminectomy in fractures of the 
twelfth thoracie and all of the lumbar vertebrae. When the conus medullaris is 
damaged as a result of acute bone compression, as evinced by complete saddle 
anaesthesia, loss of sphincter control, and absent ankle reflexes, recovery of the 
conus simply does not take place. The added tragedy of permanent impotence 
makes one wonder why nature should have placed the conus near so vulnerable a 
spot as the thoracolumbar junction. In fractures of the spine in this region, a pure 
conus lesion is a rarity, since paralysis of the lower extremities is the usual result. 


Such paralysis is ordinarily not caused by spinal-cord involvement, but rather 


by damage to the cauda equina. Even were the axons of the motor components of 
the latter crushed, regeneration could take place if the fibrous epineurium of the 
faseiculi were still intact. This is not true of the sensory components, since their 
ganglion cells lie outside the spinal canal, and regeneration cannot take place 
where there is a lesion between the ganglion cells and the spinal cord. Neverthe- 
less, in view of the resistance of the eauda equina to trauma, the great majority 
of neurosurgeons would want the fracture site explored with the greater expectancy 
that the patient would be able to walk again, unless a technically excellent lumbar 
myelogram showed no evidence of abnormal encroachment on the spinal canal. 
The problem of when to operate arises once more. If surgery has been decided 
upon, it is probably safe to say again that the operation should be performed after 
the patient has recovered from shock and his pulse and blood pressure have 
become well stabilized. 

In fracture-dislocation of the thoracic spine involving complete paralysis, sur- 
gery is of no avail except for psychological reasons. If the paralysis is incomplete 
and improvement in function is not progressive, laminectomy should be carried 
out, particularly where a manometric block is present. I am certain that I have 
seen recovery hastened in such cases by laminectomy. 

There is one almost absolute indication for thoracic laminectomy in the pres- 
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ence of complete paralysis: when a roentgenogram shows the deformity to be so 
severe that eventual weight-bearing will be impossible, or when the roentgeno- 
gram indicates that there is a traumatic gibbus so extreme that decubitus forma- 
tion directly over it seems inevitable, surgery is directly called for. In such cases 
the dura should be exposed and reduction accomplished on the operating table. 
under direct vision, and fusion performed. In the presence of marked anterior 
wedging in the lumbar region where the fracture has involved the articular proc- 
esses, it is sometimes necessary to perform open reduction after exposure of the 
dura, even in the absence of paralysis. 

A defeatest attitude still clings to the operative approach to spinal-cord in- 
juries. This is owing, in part, to the fact that patients affected by immediately 
complete paralysis rarely recover function, and also because one can seldom be 
certain that improvement has resulted from a particular method of treatment. 
Every case is an individual one and ealls for cooperation among the orthopaedist, 
the neurosurgeon, the urologist, and, later, the physiotherapist. Improvement. in 
results will come only through further cooperation coupled with research in fields 
as far removed from the practice of medicine as physics, chemistry, and mechani- 
cal engineering. 

Edgar A. Kahn, M.D 
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INJURIES TO THE CERVICAL CORD 
FUNDAMENTAL Factors IN TREATMENT AND REHABILITATION 


When the cervical cord is traumatized, the injury is invariably fatal if con- 
tusion above the mid-cervical level is severe or if ensuing oedema or hemorrhage 
extends above the fifth cervical vertebra. The phrenic motor-nerve cells lie in the 
second, third, and fourth cervical segments; hence, death from respiratory failure 
results from paralysis of the diaphragm and intercostal muscles. Even if the dia- 
phragm is only partially paralyzed, the patient becomes confused and gradually 
sinks into coma, unless cerebral anoxia is treated effectively. On the other hand, 
when the four upper cervical vertebrae remain intact and the corresponding por- 
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tion of the spinal cord is not damaged by ascending hemorrhage or swelling, the 
younger patients are likely to survive, provided there are no serious cerebral or 
other complicating injuries. In a series of thirty-two traumatic quadriplegiecs 
ranging in age from thirteen to eighty-two admitted to the neurosurgical service of 
the Massachusetts General Hospital in the period from 1946 to 1958, twenty-four 


have survived 

Experience at military and civilian hospitals since World War II has 
been in striking contrast to the statisties of the former war with Germany, when 
prolonged survival was rare even among the paraplegies. The appalling mortal- 


ity prior to the early forties was primarily due to neglect of hypoxia, ignorance 
of nutritional requirements necessary for tissue healing, and inability to prevent 
or treat advancing bedsores and urinary complcations. In addition, effective 
physical therapy, as well as psychological and physical rehabilitation of the chron- 
ically paralyzed individual, were virtually unknown. As a result the great majority 
of these unfortunate individuals lay in bed until they suecumbed to chronic infee- 
tion and amyloidosis. The purpose of this editorial is to point owt how much can 
be done to protect the quadriplegic in the critical early stage of his injury and 
then to rehabilitate him for a relatively useful survival in the community. 

The first essential is to protect all individuals with injuries to the cervical 
vertebrae against increasing damage to the spinal cord, which may not at first be 
irrevocably contused or even seriously damaged. This requires prompt recogni- 
tion of a fracture or dislocation. Diagnosis of cord injury is of course obvious in 
the conscious paralyzed victim of an accident. It is not so easy to detect this in the 
patient who is unconscious from added cerebral concussion. The examining physi- 
cian must always bear in mind that coincidental injury to the cervieal spine may 
also be present and make sure that intercostal respiratory movements have not 
been lost. He should also think of a possible vertebral injury without paralysis 
in any patient who complains of pain in the occiput, neck, or arms, because care- 
less transport may lead to unnecessary and irreparable damage to the cord. The 
cervical cord, so vulnerable to pressure, Is most olfen damaged by flexion, but 
hyperextension of the neck is also a possible mechanisin from posterior compres- 
sion by the fractured laminae or interlaminar vellow ligaments. Therefore during 
transportation the head and cervieal spine must be stabilized with extreme care 
in the longitudinal plane of the body with the chin up and only a small pad under 
the neck to maintain the normal lordotie curve 

On arrival in the hospital emergeney ward complete stability may be main- 
tained by the application of a turnbuckle extension collar of the type sold by surgi- 
cal supply houses. Roentgenograms in the anteroposterior and lateral position, 
together with open-mouth views of the odontoid process, ean be made without re- 
moving this protective device. The next step 1s to apply cranial traction by means 
of Barton, Crutehfield, or one of the other types of tongs. This should be done on 
every quadriplegie patient, even if no fracture or dislocation is visible in the 
roentgenograms. The patient is then transferred from stretcher to bed with initial 
traction of ten to fifteen pounds applied with the neck in neutral position by means 
of a pulley at the head of the bed. Heavier traction will be required if there is an 
additional dislocation to reduce. Once in traction the patient is safe for turning, 
which must be done hourly around the clock to prevent bedsores. An inlying Foley 
catheter (not larger than No. 16) is inserted to prevent distension of the bladder. 
This step is of primary importance, not only to promote early recovery of urinary 
control, but to permit maximal descent of the diaphragm. 

There are a number of other steps which must be taken at this time to prevent 
critical respiratory embarrassment. These can best be started in an operating or 
recovery room where apparatus for treatment of anoxia is available and where the 
patient can be closely observed until the vital signs are stable and the danger of 
respiratory failure is past. The attending surgeon must realize that vital capac- 
ity in the early stage of contusion and spinal shock is usually reduced to a seriously 
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low level of between 500 and 1000 cubie centimeters. Deducting 200 cubie centi- 
meters of air which fills the air passages (tidal volume), this means a critically 
low volume of respiratory exchange. Oxygen administration fulfills a dual pur- 
pose—inereasing the amount of oxygen that reaches the alveoli and diminish- 
ing the nitrogen in solution in the blood. There are two other methods of increas- 
ing a dangerously low vital capacity: (1) tracheostomy, which bypasses the dead 
space in the larynx and nasopharynx and also permits more effective clearing of 


the airway by the aspiration of secretions and (2) application of a snug swathe to 
the lower ribs, which reduces the elastie expansion of the ribs at the end of expira- 
tion. This has been found to increase vital capacity by as much as 100 cubic centi- 
meters. During the early stage of spinal shock, when all reflex activity is abolished 
in smooth as well as skeletal muscle, nitrogen accumulates in the paralyzed intes- 
tines. This leads to abdominal distension and further handicaps diaphragmatic 
respiration. If the nitrogen content of the inspired air is reduced, the nitrogen ten- 
sion in the blood will be likewise diminished and more of the gas will be removed 
from the distended intestine. At the same time, in order to reduce the formation 
of gas in the intestines, only intravenous fluids should be given for the first few 
days until the return of audible peristalsis denotes that the stage of paralytic ileus 
is past. 

The most difficult decisions to make after an acute paralyzing injury to the 
cervical cord concern the questions of whether or not to operate and when the 
operation should be performed. It is generally coneeded that surgical interven- 
tion is advisable to reduce obvious dislocation, if this cannot be corrected by trac- 
tion, and whenever paralysis continues to increase; also when lumbar puncture 
demonstrates a complete dynamie block on jugular compression. Experience in 
World War IT and in Korea has shown that, in addition to the primary débride- 
ment and closure of external missile wounds, it is also advisable to explore the site 
of the spinal lesion as soon as the patient’s condition permits. Missile tracts be- 
tween trachea or esophagus and subarachnoid space may lead to meningitis; 
furthermore, small spicules of bone, invisible in the roentgenogram, may be driven 
into the spinal cord. 

When to operate on these patients is always a difficult decision, as early anaes- 
thesia and manipulation are so likely to lead to fatal cerebral anoxia. Surgical 
decompression, even at the earliest possible moment, cannot restore function 
if the cord has been severely contused and the results of such surgery are generally 
unimpressive. If the contusion is not irrecoverable and there is no evidence of 
residual compression, spinal conduction will soon start to recover whether de- 
compression is done or not. Weighing these factors, it is evident that surgical inter- 
vention is far more likely to do harm than good if undertaken too early in the 
period of threatening respiratory failure or in the absence of positive evidence of 
continued compression by vertebral fracture or. location, prolapse of dise tissue 
or swelling of the cord from hemorrhage or oedema. In the absence of an open 
wound, my own inclination is to delay a few days until the patient is recovering 
from spinal shoek, with a blood pressure that ean be maintained above 100 and a 
vital capacity of over 1000 cubie centimeters. 

When operation is undertaken, it should be performed under pentothal and 
nitrous oxide in addition to loeal infiltration anaesthesia, with traction of twenty 
pounds to the skull. It requires an expert anaesthetist to pass an intratracheal 
catheter through the larynx without hyperextending the neck and to administer a 
high volume of oxygen with assisted respiration. In addition to carrying out a 
decompressive laminectomy and removing loose fragments of bone, rents in the 
dura should be patched, the dislocation reduced, and some form of internal verte- 
bral stabilization performed, when this is feasible. While complete spinal recovery 
rarely results, when it would not have taken place spontaneously, experience has 
shown that operation performed after the first critical days is relatively safe and 
has the following advantages: 
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1. Protection in penetrating wounds against meningitis resulting from septic 
fistulae; 
2. Reduction of radicular pain from compression of emerging roots of the 


- 


brachial plexus; 

3. Recovery of compressed plexus roots, above the level of spinal transection. 
This may lead to useful recovery of paralyzed brachial muscles. For instance, a 
patient with arms paralyzed except for intact deltoid, biceps, and brachioradialis 


muscles (from fifth and sixth cervical-nerve roots) may regain useful power in his 
triceps if funetion recovers in the seventh cervical root. With this there is often 
some return of muscular activity in the forearm as well. 

In addition, the patient whose fractured vertebrae have been stabilized ean 
be got up out of bed in a supporting collar at a much earlier date. This is a tremen- 
dous asset in reducing demineralization of the skeleton and the formation of uri- 
nary calculi, as well as in the prevention of bedsores, maintenance of a satisfactory 
caloric-nitrogen balance, and the all-important factor of the patient’s morale 
and will to recover. With the patient able to get out of bed, physical therapy can 
be carried out more effectively and rehabilitation started at a much earlier date. 

It is difficult to compress the important fundamentals of treating injuries 
to the cervieal portion of the spinal cord into an editorial of readable length. In 
writing this I have attempted to point out the essential factors that make the dif- 
ference between survival and death or relatively brief survival as a hopeless 
cripple. The neurosurgeon must bear the responsibility with the orthopaedist dur- 
ing the early critical stage in which the conducting sensory-motor and autonomic 
axons of the spinal cord mav either survive to recover function or degenerate irre- 
voeably. The fate of these sensitive structures will become apparent during the 
first month. This is a particularly vulnerable period in which the assistance of all 
the hospital services must be called upon. The most urgent requirement is expert 
nursing to prevent bedsores and hypostatic pneumonia, as well as to ensure an 
adequate calorie-protein-vitamin intake to avoid hypoproteinaemia and malnutri- 
tion. Those of us who served in neurosurgical centers in the last two wars will 
never forget the degree of emaciation with loss of will to live, or the terrible bed- 
sores and their failure to heal seen in the survivors of spinal injuries from distant 
outposts where early adequate care was impossible; or, conversely, the amazing 
improvement that took place when anaemia, low serum protein, malnutrition, and 
avitaminosis had been corrected. 

There is no longer any justification for the physician confronted with one of 
these terrible injuries to adopt a defeatist attitude. Above all, he should encourage 
the patient and his family not to give up hope, bearing in mind that many of these 
initially quadriplegic vietims will regain a useful degree of sensory-motor fune- 
tion in their lower as well as upper extremities. This has been the case in seventeen 
of the forty-three patients whom my associates and I have treated during the last 
twenty-five years, with virtually complete recovery in six. 

The emotional impact of sudden paralysis is so shattering that the patient 
can easily lose all desire to cooperate and get well. It takes the expert help of a 
psychiatrist as well as the collaboration of the social worker, minister, and the 
vatient’s own family to combat his sense of helplessness and depression. Once 
he patient has gained the will to survive and to overcome his handicaps, near 
miracles can be accomplished. Tidal drainage and effective bowel training can 
restore satisfactory automatic evacuation through spinal reflex mechanisms. Only 
a minority need to remain on a permanent catheter regimen. Bedsores, if they 
develop, can be closed by plastic surgery, and their tendeney to recur reduced by 
removal of underlying bone prominences 

The neurosurgeon may have to re-enter the picture if severe reflex involun- 
tary contractions of the patient’s spastic muscles develops. These can best be 
relieved by cutting the ventral motor roots of the cauda equina from the first lum- 
bar down through the first sacral segments. This leaves the detrusor reflexes to 
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the bladder, which are mediated over the second to fourth sacral nerves, intact 
but converts the crippling flexor spasms of the legs to a far less handicapping flac- 
cid paralysis. For adductor spasm, obturator neurotomy alone is sufficient. Patients 
who suffer severe radicular pain in the arms from compression of spinal roots can 
often be helped by late decompressive laminectomy with resection of epidural 
sear tissue and projecting fragments of bone. We have recently been forced to 
carry out an extensive thoracolumbar sympathetic denervation to relieve a patient 
with the unusual complication of uncontrollable reflex sweating over his body and 
legs with accompanying bouts of hypertension and headache. 

While recovery of visceral function can take place to a remarkable degree 
under spinal reflex control, there may be no recovery of the lower extremities and 
only partial use of the arms. Shoulder abduction and flexion of the elbows are the 
rule in all surviving patients. In these lower cervical injuries, a great deal depends 
on recovery of the seventh cervical segment. When this occurs the patient will 
have good use of his triceps and some ability to pronate and supinate his fore- 
arm, dorsiflex his wrist, and possibly to straighten his fingers and abduct his 
thumb. He can then get about in a wheelchair and often use his hands in a crude 
way. He will also have sensation in his thumb, index, and long fingers. A minister, 
with this degree of residual handicap for twenty years is able to type his sermons 
with his index fingers. Flexion of the fingers depends on recovery of the eighth 
cervical nerve and use of the intrinsic muscles of the hand on the first thoracie as 
well. 

Those unfortunate quadriplegies who fail to recover any useful control of the 
hands or musculature that supports the trunk can be helped by orthopaedic pro- 
cedures. Stabilization of the thoracolumbar spine by extensive bone fusion or im- 
planting strips of fascia lata between the lower ribs and ilium prevents slumping 
of the paralyzed torso when the patient sits up. Tendon transplantations can often 
be utilized to restore flexion and extension of the fingers, as well as opposition of 
the thumb, and to correct clawing of the fingers. Lipscomb, Elkins, and Hender- 
son in the October 1958 issue of The Journal have described how this can be done, 
utilizing the brachioradialis, extensor carpi radialis longus and brevis, flexor carpi 
radialis, and pronator teres muscles. These muscles in the forearm usually recover 
after injuries below the sixth cervical spinal segment and can be used to make 
many victims of quadriplegia more independent. 

In order to regain the maximum degree of recovery these patients require 
expert rehabilitation, which is available only in the largest and best equipped 
hospitals. A few indomitable individuals have accomplished wonders on their own, 
such as the young man described by John Hilton whose dislocated cervical verte- 
brae can be seen in the museum at Guy’s Hospital alongside his perfect pencil 
copy from an engraving of a Raphael madonna. This man, who in 1836 had fallen 
out of a tree and suffered paralysis below the level of the triceps, managed to sup- 
port himself by making these copies, holding his pencil or a fine camel’s hair brush 
in his teeth. While there are few mid-cervical quadriplegies who can match this 
accomplishment, there are many leading worth-while and happy lives at home 
with their families. Although readjustment and rehabilitation require several years 
at an expenditure of approximately $10,000 per annum, this is infinitely preferable 
to early death or permanent institutional care of the neglected cripple. 


James C. White, M.D. 
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EDITORIALS 
WHIPLASH—AN UNACCEPTABLE MEDICAL TERM 


Disabilities of the cervical region, which develop as the result of either direct 
or indirect trauma, must be reviewed carefully in order to identify the anatomical 
structure involved and the specific nature of the involvement. The mode of treat- 
ment adopted must be based on indications which are commensurate with de- 
monstrable pathological changes. Since specific pathological changes in definite 
anatomical structures develop following trauma to the neck, no matter what the 
cause of the trauma, specific localization and characterization of the pathological 


process is possible and on the basis of this information can be made definite esti- 


mations of the anticipated time for recovery and of any residual permanent dam- 
age. Hence there is no room, nor is there any reason for such a loose diagnosis as 
whiplash injury of the neck. This diagnosis is vague and thoroughly unscientific. 
Furthermore, its use may lead to extreme injustice to those res} onsible for causing 
these injuries due to the rather dramatic implications of this phrase. There is a 
tendency for this terminology to be employed either through lack of sufficient 
knowledge to make a specific diagnosis or for the purpose of exaggerating the sever- 
ity of the original injury and the possible residual disability, in order to expand 
the benefits to be secured in legal action. The application of the term whiplash 
njury to the cervieal region despite the lack of similarity of the cervical spine 
(a relatively short jointed structure, made up of separate rigid segments, with a 
ten-pound weight on its end) to a whip (which is long, unjointed, evenly flexible 
throughout its length, and has no weight on the end) is not a rational procedure. 
For this reason even changing the term to whiplash mechanism of impUry is unac- 
ceptable. The neck is not a whip. There is no question but what injuries accruing 
to specifie structures of the neck may be serious. The use of this term, however, 
has developed to such extent as to almost maliciously tend to magnify and prolong 
the actual effects of Injury and to confuse patients, courts, and juries. While point- 
ing out the aetual, and sometimes the severe, injuries that involve the cervical 
region of the spine, we should at the same time attempt to “lay the ghost” of the 
vhiplash injury. The term to the honest is merely a bulwark behind which igno- 
rance skulks; to the dishonest a mirage with which to confuse and delude. 


David M. Bosworth. M D. 
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Internal fixation and spine fusion is not a new method of treatment for 
fracture-dislocation of the cervical spine, nor is it the only method that will give 
satisfactory results. However, it can be shown to have many advantages. The 
first operation of this type was done about sixty years ago, but it has been more 
widely used in its present form since 1937 to 1942, due to the influence and pub- 
lications of such men as Cone and Turner, Gallie, Rogers *, and Badgley. 

In April 1957, Rogers ® published a complete summary of his experiences 
with this method of treatment. In this eritieal end-result study of seventy-seven 
patients, with eighty-seven fractures and dislocations of the cervical spine, he 
showed that skull traction gave the best protection to the cord during the period 
of definitive treatment and that wire internal fixation, along with surgical spine 
fusion, provided the most reliable stabilization of the injured vertebrae. 

We feel that it is appropriate at this time to emphasize the advantages of 
this type of treatment for fracture-disloecations of the cervical spine because of 
the inereasing frequency of these injuries, associated with the increasing auto- 
mobile-accident rate. Furthermore, the present trend in the treatment of frac- 
tures in other parts of the body is toward more internal fixation. In those areas 
we are striving for less deformity, less stiffness in adjacent joints and soft tissues, 
less morbidity, less external fixation, and early ambulation; consequently, greater 
comfort and mobility, a shorter period of confinement to bed or hospital, and 
less time away from work or other vital activities result 

The same objectives apply to the treatment of fractures of the cervical spine, 
but in addition, we have the most important consideration of all, the safety 
of the neural elements. Residual deformity of the bone structures, with narrow- 
ing of the diameter of the spinal canal, may mean continuing pressure on the 
cord, so we strive for complete reduction. Recurrence of the deformity might 
mean return of neurological changes, and could result in worse paralysis o1 
even death; therefore, adequate fixation is important in order to prevent such a 
catastrophe 

Analysis of our cases indicates, as did Rogers’, that the cord is protected 
best with the patient in skull traction during the period of definitive treatment, 
that reduction of the bone structures is more complete and deformity less apt 
to recur following open operation with wire internal fixation, and that ultimate 
stability of the supporting elements is best assured by surgical spine fusion. 


CLINICAL MATERIAL 
Of the 105 patients with fracture-dislocation of the cervical spine, twenty- 
four were discarded as being unsuitable for this study. Some were transferred to 


Read in part at the Annual Meeting of The American Academy of Orthopaedic Surgeons, 
New York, N.Y., February 4, 1958 
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Unilate | fracture slocation of the fourth on the fifth cervical vertebra 


Military or Veterans Hospitals within a few days after the Injury, and before 
any definitive treatment was started, except to place them in skull traction or 
other protective device as indieated. The others were seen several months or 
vears after the injury and, although further treatment was rendered, including 
spine fusion in some instances, the Vv did not fit into this statistical analysis ol 
treatment in the acute prea This left eighty-one patients who were considered 
for internal fixation and spine fusion early in their course of treatment. In three 
of the patients who were treated without fusion, recurrence of deformity devel- 
oped ; 1usioOn Was sl bsequently done. Thus a total of eighty-four causes were 
analyzed 

The average age of the patients in this group Was thirty-three vears, but 
they varied from eight months to seventy-five years. Seventy-two of the patients 
were male, and only nine were female. An automobile accident was by far the 
most trequent cause ol these Injuries, accounting for fifty-one ol eighty-one 
injuries, while falling produced twelve, diving six, gunshot three, and all other 
causes nine 

The severity of injury is fairly well illustrated by the facet that fifty-two 
of the patients had neurological changes when admitted to the hospital as com- 
pared with twenty-nine who had none. Twenty-three of eighty-one patients had 
injuries of the first or second cervical vertebra, while in the remaining fifty- 
eight the injuries were below the second cervical vertebra. 

Deatl oecurred in seven of the eighty -one patients during the acute post- 
Injury phase of treatment. Five deaths were due to severe head Injury, one to 
extensive infaretion of the cord sixteen days after injury, and one to pulmonary 
embolism fifteen days after cervical occipital fusion for pathological fracture of 
the odontoid from carcinoma of the prostate Death occurred in four tetraplegic 
patients from seven months to three years after injury due to pulmonary infec- 
tion. Only one of these had undergone spine fusion 


METHOD OF TREATMENT 


There was some variation in the methods of treatment used in these patients 


since several members of the Staff as well as the House Staff were involved 
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Progressive reduction wit hi -five pou skull traction. Roentgenogran 


made at three-hour intervals 

Kxperience has taught us many things, but one of the most lnportant 1s that 
cooperation of the Orthopaedic and Neurosurgical Services in the care of cervical- 
spine injuries leads to better results. This is particularly important in the teach- 
ing centers, where the Residents on each Service need know and understand the 
point of view of the other Staff as well as their own. Practically all of the pa- 
tients are seen by both services; recommendations for treatment were discussed 
jointly ; and, if surgery was indicated, it was usually done as a combined procedure. 

xtreme care must be taken in handling these patients. If a cervieal spine 
injury is suspected, five to seven pounds of head-halter traction should be ap- 
plied in the Emergency Room before moving the patient to the X-ray Depart- 
ment. If a patient has an obvious cervical injury with significant neurological 
involvement, fifteen to twenty pounds of skull traction is applied by means of 
Crutehfield tongs before he leaves the Emergency Room. The direction of trac- 
tion should be straight until satislactory roentgenograms have demonstrated the 


type and location of the injury. A horizontal beam lateral roentgenogram is made 
before the patient is moved from the stretcher. Anteroposterior, lateral, and 


oblique views of the cervical spine, as well as an open-mouth view of the odontoid 
process, should be made subsequently. Occasionally stereoscopic films, planograms, 
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and flexion-extension lateral and oblique Views are neeessaly | but these should not 
be made until the routine films have been inte rpre ted by an expert Flexing or ex- 
tending an injured cervical spine might be disastrous, but a straight pull has proved 
sate, without exception, in our experience 

If there is severe cord damage, the patient Is placed on a turning frame; 
but if the neurologica! involvement Is slight, he is placed in bed on a foam 
ubber mattress on boards. Reduction of the deformity is then attempted by skull 
traction, from ten to forty pounds being used depending on the type of lesion 
In patients with little displacement or in whom reduction was easy, traction Was 
maintained with ten pounds of weight until the patient was ready for a braec 
cast, or operation. In the other patients, such as those with anterior dislocations 
with locking of facets, which are hard to reduce, twenty-five to forty pounds 
ol weight was required for a short period Ol tin (Figs 1-A, 1-B, and 1-C) 


The progress ol reduction was checked by roentgenogralms made at intervals of 


fifteen to thirty minutes. If reduction was difficult, muscle spasm was controlled 
by relaxants. If there was a flexion type of fracture-dislocation, when the reduec- 
tion was complete the neck was hyperextended by lowering the head over thi 
end of the mattress which had been moved toward the foot of the bed about 
eight inches (Fig 2). The welght was then reduced to about ten pounds and the 
position Was again checked by roentgenogram The amount and direction of the 
traction varied according to the type of fracture to be reduced ; in our experience 
this method proved safe for the spinal cord and nerve roots. Reduction of the 
deformity occurs gradually in a controlled fashion, and in no instance did it 


enuse Or Increase paralysis 
INDICATIONS FOR FUSION 


We have no set rule for selecting patients for internal fixation and spine 
fusion. Our primary purpose is to protect the cord and nerve roots; thereforé 
we tend to stabilize those fractures in which residual or recurrent deformity 
might occur and which might in turn give pressure on the neural elements. Frac- 


tures of the odontoid process with displacement, and rupture of the transverse 
ligament of the atlas with atlanto-axial dislocation are lesions that. at least 
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Diagram shows: A, straight skull traction by means of Crutchfield tongs and, B 
té 


hyperextension position after reduction 


hypothetically, heal poorly, redisplace easily, and carry a high rate of neurologi- 
cal morbidity when they do recur; we fused fourteen of eighteen cervical spines 
in this group. The other four patients either refused operation or were judged 
to be poor surgical risks because of severe head injuries or poor general health. 
Fracture-dislocations, with one or both articular processes fractured, are difficult 
to immobilize; fusion is therefore frequently done in this group. Twenty cervical 
spines were fused and twenty were not; of the twenty patients in whom cervical 
spine fusion was not done, five died of severe head injury, two were transferred 
to Veterans Hospitals, two were subjected to fusion later, two had decompression 
without fusion because of severe cord damage, three had minimal fractures and 
did not require fusion, while one refused the operation (Table I) 

There are two major groups of injuries in which fusion is seldom required: 

1. Flexion injuries, with only compression fracture of the anterior part of the 
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TABLE I 
Type or INJuRY 





Fusion Non-Fusion 
(38 Cases) (46 Cases) 


Type of Bone Lesion By Roent- With Without With Without 
genographic Appearance Neurological Neurological Neurological Neurological 
Changes Changes Changes Changes 
(25 Cases) (13 Cases) (29 Cases) (17 Cases) 


Total Cl and C2 j 10 3 
Total below C2 ( 3 26 
Fracture of odontoid j 2 
Dislocation of Cl on C2 0 
(torn transverse ligament ) 
Dislocation without fracture 
(unilateral) 
Dislocation without fracture 
(bilateral) 
Compression fracture of body 
only 
Rotatory fracture-dislocation with 
unilateral facet fracture 
Anterior fracture-dislocation with 
bilateral facet fractures 
Fractured ‘‘small parts’ only 
(pedicles, laminae, spines) 
Chip fracture of body or anterior 
longitudinal ligament tear 
No bone lesion by x-ray 


body, can usually be corrected fairly well and held safely until they are healed. 
(ther compression fractures which involve the posterior part of the vertebral 
body, or are combined with fractured articular processes, are dangerous and 
may require fusion. 

2. Extension injuries, though frequently associated with severe neurological 
lesions, show very little bone damage. They are, therefore, easier to immobilize 
and will heal satisfactorily without fusion (Table I). 


OPERATIVE PROCEDURE 

Operation is usually done as soon as the patient’s general condition permits. 
The average length of time before operation was thirteen days in the group as a 
whole, but in some emergencies fusion was done much sooner, and in some patients 
in whom the cervieal-spine injury was complicated by head injury or other frac- 
tures, fusion was done much later. A patient with an uncomplicated in- 
jury should be ready for fusion within one week. However, if there is a persistent 
block on spinal tap and a myelogram shows persistent pressure on the cord, im- 
mediate operation may be indicated. 

The operation is done under general anaesthesia with an endotracheal tube 
inserted blindly through the nose, without removing the traction or tilting the 
head. The patient is placed on the table in the prone position with the face in 
the cerebellar head rest, and the neck straight with ten pounds of skeletal trac- 
tion in place. The severely paralyzed patients are left on the anterior half of their 
turning frame while skeletal traction is continued. Even patients with old frac- 
tures in whom fusion is done late have Crutchfield tongs inserted and traction 
applied before operation, because we feel that we have better control of the head 
and neck during the operation and for about a week afterward. 

Two different operative procedures are used, depending on the level and type 
of the fracture. We will describe the typical procedure for fractures below the 
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Type of internal ~ ation and spine fusion done for fractures below the 
second cervical vertebra. At the present, match-stick grafts are used instead 
of chips. 


second cervical vertebra (Fig. 3). In either type the exposure is made by sharp 
dissection in order to avoid the use of pressure and force. It is carried out to 
the posterior articulations on each side. The ligamentous attachments are re- 
moved with a rongeur, and the outer cortex of the laminae of the vertebrae 
to be fused is carefully nibbled away with small bites with the rongeur. No 
pounding is done at any time, because we feel that pounding is the cause, along 
with other rough handling, of the complications which may arise if this operation 
is improperly done. 

Where indicated, a hemilaminectomy is done to inspect the cord and to de- 
compress it or to look for a ruptured dise or bone fragment that is causing 
persistent pressure. If complete reduction of the fracture-dislocation has not 
been obtained by traction, it can now be done under direct vision, ensur- 
ing that no harm is done to the neural structures. If any doubt remains about 
either the reduction or the level of fusion, it should be checked by portable x-ray 
at this time. Internal fixation is then accomplished with 20-gauge stainless-steel 
wire. In fractures below the axis, the spinous processes of three vertebrae are 
usually wired together. The wires pass under the base of the spinous process of 
the lowest fractured vertebra if it is intact, and then through holes made near 
the top of the base of the spinous processes of the next two vertebrae. After 
placing a bone graft underneath them against the base of the spinous processes, 
the wires are tightened by twisting until they are snug and the whole group is 
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icture-dislocation of the fifth on the 


slocation reduced and the spine fused 


bigs, 4- ind 4- oentgel 
xth cervic vertebi The di 


stable More bone graits in the torm ol match sticks are added to the fusion 
irea, extending laterally over the laminae and posterior articulations on both 
sides (Figs. 4-A and 4-B). We formerly used finely divided bone chips for graft- 
ing, but now feel that the mateh-stick grafts heal just as readily and offer less 
danger of getting into the laminectomy defect. In the patients treated early in 
this series, we used autogenous iliae bone as the grafting material, and still feel 
that it is probably the best bone. However, for the last six or seven years we 
have used. almost exclusively, ribs from the bone bank, and have found them to 
be satisfactory. It reduces the time and shock of the operation to use this readily 
available bone rather than taking an iliae grait at the time oft surgery. The 
spine fusions appear to be solid in four to six months, and we know of only one 
possible non-union. This man had a fractured odontoid process with a fusion of 
the first three cervical vertebrae. After six months, the graft was solid between 
the second and third cervieal vertebrae but appeared to have been absorbed be- 
tween the first and second cervical vertebrae. However, there was no demonstra- 
ble motion in flexion and extension films after one vear. 

The internal fixation varies slightly in certain cases. If the decompression 
has been more extensive, or if spinous processes, laminae, or pedicles are frac- 
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Type of internal fixation and spine fusion used for fractures of 
he odontoid process ind other fractures or dislocations of the 
tlas and «axis 


tured, we may fuse four vertebrae instead of three. Sometimes we wire two laminac 
together on one side if the articular processes are fractured on that side. If they 
are fractured on both sides, the spine is probably quite unstable at that point, 
so we treat it like an odontoid fracture in which there may be likewise no bone 
block to prevent recurrence ol dislocation. 

Phe operative procedure for fracture of the odontoid process or tear of the 
transverse ligament with atlanto-axial dislocation involves wiring and fusing 
the first three cervical vertebrae (Fig. 5). In this area, we have not had to do 
a laminectomy. After denuding the spinous processes and laminae, a 20-gauge 
stainless-steel wire is passed under the laminae on each side of the first three 
cervical vertebrae. An additional wire is passed under the center of the posterior 
arch of the atlas and fastened tightly around the tip of the spinous process of 
the axis. Two pleces Ol rib or other cortical bone are so cut that their length 
corresponds exactly with the distance between the top of the arch of the atlas 
and the bottom of the lamina of the third cervical vertebra. The cortex on the 
under surface of the rib grafts is nibbled away with a rongeur in three places to 
correspond with the three laminae they rest on. One rib graft is placed on each 


side and is fastened securely to the three laminae by the three wires previously 
mentioned. Additional mateh-stick grafts are placed on each side, and the wound 
is closed (Figs. 6-A and 6-B). 

By fastening the laminae of the upper three cervical vertebrae securely to 
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Fic. 6-B 
lateral roentgenogram shows fusion 
vd cervical vertebrac 


the sturdy graft, we feel that there is very little chance that the atlas and odon- 


toid process can redislocate on the remainder of the axis. There seems to be no 


point in including the occiput in such a fusion, but rather some disadvantage be- 


cause it adds the weight of the head to what the wires and bone graft are al 


ready holding 

On the other hand, simply fixing the first two cervical vertebrae does not 
seem to be enough. It seems possible that displaceme nt ean still occur, and in the 
two patients In whom fusion was done this way early in the series, displace- 
It seems that one needs the long lever arm fastened se- 


curely at two stationary points in order to hold the third point stationary when 


ment did oecur (Fig. 7) 


it is attached to it 

Postoperatively, five pounds of traction is applied for a week or ten days 
until the wound heals and the patient is comfortable. If the patient has little or 
no neurological change or other complications, he is usually up and about within 
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Fracture of the odontoid process with slight anterior displacement. In the postoperative 


roentgenograms recurrence of anterior displacement is seen. Recurrence was a result of 


fusing only the first and second cervical vertebrae 


one or two weeks. In most instances he wears only a light cervical brace instead 
of a bulky Minerva cast. Most braces are removed in four to six months when 
the fusion is solid 


RESULTS 


While trying to analyze the results in the eighty-four cases in our experi- 
ence it soon became evident that one of the major lactors that determined re- 


sults, and particularly the length of time under treatment, was the question of 


neurological change. Consequently, each primary grouping of fusion or non-fusion 
has been subdivided for much of the analysis, depending upon whether the pa- 
tient did or did not have neurological changes when he entered the hospital 
(Table II). 

Including the three patients in whom fusion was done after a trial of con- 
servative treatment (therefore counted in both the non-fusion and the fusion 
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TABLE II 


NEUROLOGICAL CHANGES 


Neurological Changes Fusion Non-Fusion 


Present 29 
Absent , 17 
Complete recovery . 7 
) 10 


Improved 
6 


No improvement 
No record 6 


TABLE III 


Tue Time ELEMEN1 


Fusion Non-fusion Fusion Non-Fusion 
with with without without 

Neurological Neurological Neurological Neurological 
Changes Changes Changes Changes 


(23 Cases (29 Cases (15 Cases (17 Cases) 


Average for Group) 
Days in bed : 53 23 
Days in hospital 1 26 
Days in traction : 27 IS 
Months in cast 
Months in cervical brace 


\lonths out ol v ork 


Patients who wore cast 

Did not return to work 

Deaths a 6 (Karly 
3 (Late 


group), there was a total of eighty-four cases. There were thirty-eight patients 


treated by internal fixation and spine fusion, and forty-six treated by other 
methods. Neurological changes were present in twenty-three of thirty-eight pa- 
tients in whom fusion was done and were absent in the remaining fifteen patients 
The results are shown in Table II. 

In the non-fusion group (forty-six patients), there were twenty-nine with 
rhe urological change s and seventeen without. The results in this category are also 
shown in Table II 

The time factor in relation to various treatments and to neurological com- 
plications is shown in Table III. Only three of the patients having neurological 
changes who underwent fusion ever wore casts, two of them had sustained frac- 
ture of the odontoid process In these only the first and second cervical vertebrae 
were fused. Recurrence of the deformity forced us to apply a cast. A third east 
Was applied as a precautionary measure because the patient’s bone was found 
to be osteoporotic at the time of operation and we were afraid the wires might 
pull through. An average of 3.7 months of wearing a cervical brace and 6.3 
months out of work does not seem excessive. Two of the patients did not return 
to work; one remained completely tetraplegic and died a few months later in a 
local hospital; the other had fairly good return of function in his arms but re- 
mained paraplegic in his lower extremities; in spite of every effort at rehabilita- 
tien, he had no desire to work and he did not. 

Only two of the patients with neurological changes but who were not oper- 
ated upon ever wore casts (Table III); if they were paraplegic they were kept on 
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TABLE IV 


PaIN, DEFORMITY, AND LIMITATION OF MOTION 
Fusion Non-Fusion 
(38 Cases ) (46 Cases) 


tesidual pain 

tesidual deformity 
Recurrent deformity 
Motion, normal! 

Motion, limited slightly 
Motion, limited moderately 
Motion, not recorded 


frames long enough for the fractures to become partially healed (two or three 
months) and then sat up wearing a cervical brace or collar. Patients in this 
group averaged 5.1 months in a cervical brace and 7.9 months out of work. Six 
patients in this group did not return to work, all six being severely paralyzed 
Four of them died from pulmonary or renal complications within a year or two 
after leaving the hospital. 

One patient, who had no neurological changes and who underwent cervical 
fusion early in the series, wore a Minerva cast for two months following open 
reduction and internal fixation of a dislocation of the fifth on the sixth cervical 
vertebra, but he probably did not need it. The group, deseribed in Table III, aver- 
aged 4.5 months in a cervieal brace and 5.3 months out of work. One patient in 
this group failed to return to work beeause of a cerebral vascular accident which 
occurred at the time of his operation. He was sixty-nine years of age and had 
worked on a farm until his injury 

Six patients in tlie non-fusion group end without neurological changes (which 
constitutes the least severe group of injuries) wore Minerva casts for an aver- 
age of 2.8 months. The group ave raged 46 months out o work (Table Ill) 

Pain, deformity, and limitation of motion are recorded in Table IV. In the 
fusion group of thirty-eight patients, there was only one with residual pain, six 
with residual deformity, and four with reeurrent deformity (practically all in 
the early years of our experience). Range of motion was not significantly limited 
In the non-fusion group of forty-six patients, there were six with residual pain, 
ten with residual deformity, and twelve with recurrent deformity. We feel this 1s 
significant 

Statistics do not give an accurate picture of the time element in these pa- 
tients. Too many unimportant things can alter the number of days in bed or 
hospital and months out of work. When conditions are favorable and every- 
thing goes well, a great deal of time and suffering can be saved by operation 
For example, we cite the case of a nineteen-year-old male who suffered a slightly 
displaced fracture of the odontoid process, without neurological changes, when 
his motoreyele struck the curbing. He was admitted to another hospital; the frae- 
ture was reduced by head-halter traction; and he was allowed up in a Thomas 
brace. His deformity recurred within the week. He was transferred to our hospi- 
tal, his fracture was reduced by skeletal traction; and fusion of the first three 
cervical vertebrae with internal fixation was performed the following day. He 
was up in a Thomas brace and home within two weeks; he was back to work as 
an office boy in one month. At six months the fusion was solid, his brace had been 
removed, and he was fully active. He had no pain, no neurological deficit, and about 
25 or 30 per cent limitation of motion in his neck. There was no danger of belated 
neurological changes or death occurring from an unstable odontoid process. 


Treated by other methods, this young man might have been placed in a 


Minerva cast for three months followed by a brace fixation for a similar period. 
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He might also have been treated by six weeks of skeletal traction in bed followed 
by two or three months in a Minerva cast and then a brace. He is certain to 
have lost four months from work and possibly more. 


MECHANISM OF INJURY 

The mechanism of injury is of the greatest importance, for only through a 
knowledge of the forces applied in each individual case is the proper manage- 
ment of that patient possible. A few minutes at the very outset devoted to learn- 
ing the details of the accident are almost indispensable. Careful attention to the 
location of contusions and lacerations about the head may be the key to acquir- 
ing an understanding of the direction and intensity of the foree applied through 
the head to the cervical spine. Knowledge of the mechanism of injury can lead 


Diagram shows lines of force in extension injury with posterior dislocation of the 
fourth on the fifth cervical vertebra with rupture of the anterior longitudinal ligament, 
separation between the vertebral body and the cartilaginous end plate, stripping of the 
posterior ligament away from the lower vertebrae, and carrying of the spinal cord 
backward against the sharp leading edge of the lamina of the subjacent vertebra. 


to the correct interpretation of the roentgenograms of an accident victim. Such 
films, often made under difficult circumstances, are not always of the best quality, 
and it may prove of inestimable help to know what to look for. 

The usual types of bone lesions, such as compression fracture of the vertebral 
body, anterior or rotatory dislocation or fracture-dislocation, bursting fracture 
of the atlas or other vertebral bodies, and fractures of the odontoid process 
with anterior or posterior dislocation of the atlas on the axis, are well under- 
stood and generally recognized lesions of the cervical spine. Since the excellent 
work of Taylor and Blackwood and of Barnes, published in 1948, we have learned 
to appreciate the importance of hyperextension injuries in the production of neu- 
rological damage, in the absence of x-ray evidence of significant bone damage. 
We now look carefully for the little chip fracture of the anterior edge of the ver- 
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Diagram of the mechanism of injury in the hyperextension fracture-dislocation showing 
direction of force, tvpi il points of fracture ind final position of fractured vertebra. Points 
of interest are the anterior disp lac ement of the fourth on the fifth cervical vertebra and upward 
compression of the inferior articular processes of the fourth cervical vertebra and _ its 


spinous process 


tebral body, which indicates the point at which the anterior longitudinal liga- 


ment ruptured, allowing the two vertebrae to separate. The mechanism of in- 
jury in all of these lesions is well established and does not require further empha- 
sis in this paper. Instead, attention will now be directed to a group of injuries, 


heretofore unrecognized, caused by hyperextension and characterized by fractures 
of the posterior bone structures, including pedicles, articular processes, laminae, 
or spinous processes; and often by slight anterior dislocation of the vertebral 
body, either unilateral or bilateral depending on the direction of the fracturing 
force. It seems logical to designate these injuries as hyperextension fracture- 
dislocations. 

Hyperextension fracture-dislocation is caused by a combination of forcible 
extension and compression acting from above. Until recently this type of injury 
was thought to result invariably in a fracture of the odontoid process or the 
posterior arch of the atlas or axis. These atlanto-axial fracture-dislocations, how- 
ever, constitute but a small proportion of the hyperextension fracture-dislocation 
group. Fractures in the middle and lower parts of the cervical spine, can, and 
frequently do, result from this type of force. The fractures usually occur in the 
posterior elements of the vertebra, the so-called small parts which consist of the 
pedicles, articular processes, laminae, and spinous process. An important fact to 
remember about these fractures is that they are frequently multiple. The force, 
which is usually applied in the region of the forehead or anterior half of the skull, 
is transmitted to the cervical spine through the atlas and thence downward 
through successive sets of posterior elements until the force is spent. Thus, we fre- 
quently see fractures of the posterior arch of the atlas midway between the pos- 
terior tubercle and the lateral masses, or a fracture of the tip of the spine of the 
axis where it has impinged upon the spinous process of the third cervical verte- 
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nism of injury in the rotatory hyperextension fracture-dislocation 

showing the direction of force, typical point of fracture, and final position of the 

fractured vertebra. In addition t ight anterior displacement and rotation of 

the body of the fourth cervical verteb t is important to notice the horizontally 

displaced inferior articular process on one side of the fourth cervical vertebra. This 

horizontal articular process occurs on the side away from the point of injury and is in- 

variably the inferior articular process of the upper or displaced vertebra 
bra or, of course, a fracture through the base of the odontoid process. In the 
mobile mid-portion of the cervieal spine, the fracture is most apt to occur through 
the pedicle s, articular processes, Of the base ol the spinous process. In the lower 
part of the cervical spine, the fracture may occur through the articular processes 
or laminae which are somewhat elongated and thin or in the distal half of the 
spinous process It is not unusual to see fractures in two or three of these sites in 
the same patient. Fractures through the posterior arch of the atlas, the pedicles 
of the fourth cervical vertebra, and the tip of the spinous process of the sixth or 
seventh cervical vertebra might oecur simultaneously; if one is seen, others should 
be looked for 

The most important fact to remember about these hyperextension fracture- 
dislocations Is that in many ol them the vertebral body is displaced anteriorly, 
ind heretofore have always been mistaken for mild anterior (flexion) fracture- 
dislocations. The anterior displacement oecurs in those hyperextension lesions 
which fraeture through the pedicles or the articular processes. Since it is partly 
an extension mechanism, tending to tip the vertebra over backward, and partly 
a compression Lorce, pushing together the articular processes, the end result is that 
the inferior articular processes of the vertebra above are compressed upward in 
relation to the vertebral body, and the body of that vertebra may become dis- 
placed forward. The spinous process may also be fractured at its base and dis- 
placed upward. At some point in this process the anterior longitudinal ligament 
may rupture, as evidenced by the chip fractures or late calcifications we have 


seen, but the vertebral bodies do not usually undergo a wide separation as they 


do in the posterior dislocations. In many ways this injury resembles the true 
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Fig. 11-A: Case 1, R. H. Hyperextension fracture-dislocation of the fourth on the 


- - —— — - 


fifth cervical vertebra resembling a mild flexion injury. The patient was tetraplegic 


Fic. 11-B 
Postoperative roentgenograms show satisfactory correction in the lateral 


roentgeno- 
gram on the left. although there is persistent compression of the 


articular mass of the 
fourth cervir il vertebra Lateral roentgen ‘ram on the right shows some loss of position 
resulting from postoperative wound infection which caused the wire to pull out of the 
spinous process of the third cervical vertebra. The final result was satisfactory: there 
was solid fusion ind partial return of neure logi il function 


anterior fracture-dislocation, but there are at least 


two distinguishing features. 
In the hyperextension fracture-dislocations, 


it is almost invariably the inferior 
articular process or the entire articular mass of the vertebra above that is dis- 
placed upward and backward, while in anterior fracture-dislocations it is the 
superior articular process of the vertebra below that is displaced downward and 
forward. The second distinguishing feature is the angle formed by lines parallel 
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Fia 12-A 
Rotatory hyperextension fracture-dislocation of the fourth on the fifth 
cervical vertebra which resembled a mild rotatory flexion injury because of anterior dis- 
placement. He had a unilateral cord injury with motor loss below the fifth cervical on the 
right and corresponding sensory loss on the left. Note the unilateral horizontal articular 
process at the fourth cervical vertebra, present on the admission roentgenogram on the 
left and which persists in the roentgenogram made after reduction on the right. 


ws 


e 
w 


— 
WisT w- Sacre 


~ 


Fic. 12-B 


Mvelogram showing mild offset anteriorly between the fourth and fifth cervical 
i large defect posteriorly due to the displaced articular process 


vertebra, 


to the inferior surface of the body of the fractured vertebra and its inferior 
articular process The angle will be more obtuse in the hyperextension group when 
compared with the angle formed by similar lines on the normal vertebrae above 
and below it. In the anterior fracture-dislocations, the angle formed by these 
same lines will be approximately the same for all three vertebrae. 

Another Injury that has not been recognized heretofore is the rotatory hy- 
perextension fracture-dislocation. The mechanism of injury is similar to that de- 
scribed for hypere xtension fracture-dislocation except that in this the foree comes 
from one side instead of from the mid-line. It combines forcible hyperextension 
and compression with rotation, and consequently the major strain is placed on 
the articular processes on the opposite side from which the foree is coming. Each 
vertebra is forced backward and downward toward the opposite side on its fel- 


THE JOURNAL OF BONE AND JOINT SURGERY 





ADVANTAGES OF EARLY SPINE FUSION 





Lateral roentgenograms made after reduction inflexion and extension show stable fusion at 
four months. Neurological recovery was almost complete 


low below until something gives away, usually in the more mobile segment 
(fourth, fifth, and sixth cervical vertebrae). The inferior articular process of 
this vertebra is fractured and displaced upward, outward, and backward so that 
it assumes a horizontal position that is easily seen on roentgenograms. This uni- 
lateral horizontal articular process, which is nvariably the inferior one on the 
displaced vertebra, has been our most reliable diagnostic sign 

Injuries of this type are unstable up to a point and are frequently hard to 
reduce completely or to maintain in satisfactory reduction because of the loss of 


hone support when an articular process is displaced. Internal fixation and spine 


fusion is frequently necessary in order to give a stable, painless result. In the 
final analysis of our cases, we found this rotatory hyperextension mechanism at 
work in five of nine of our group ol unilateral fracture-dislocations, while only 
four were eaused by flexion 

The mechanism of these rather obscure types of lesions can be shown best 


by means of several examples 


H.. a sixteen-vear-old white bov, dived into the water and hit another boy 
ust under the surface. He was conscious and knew that he struck on his forehead so that 


2 


his head was forced backward into hyperextension. Roentgenograms showed what seemed 


to be a flexion injury with mild anterior dislocation of the fourth on the fifth cervical vertebra 
without locking of either articular process (Fig. 11-4). Barnes? showed that neurological dam- 
ige could not occur in this type of injurv without sufficient displacement to cause locking 
of one or both arti r processes. The boy was tetraplegic. His injury was caused by 
hyperextension and mpression. The fourth cervical vertebra was forced backward on the 
fifth, causing fracture the base of the spinous process and upward compression fractures 
of the inferior articular processes of the fourth cervical vertebra (Fig. 9). The anterior longi- 
tudinal ligament ruptured at some point in this process, but not until the compression forces 
had done their damage posteriorly. The fact that later anterior fusion developed is evidence 
of dam ige to the anterior longitudinal ligament, even though there was no tell-t ile chip of 
bone visible in the early roentgenograms 

In spite of a postoperative wound infection solid healing occurred, the neurological deficit 
partly cleared up, and his neck became stable and painless. Figure 11-B shows persistent 
compression of the articular mass of the fourth cervical vertebra. 


S., a college student twenty-two years old, was in an automobile accident. 
His convertible turned over, and he suffered cuts and abrasions on the left side of his face 
and left ear, a minor cerebral concussion, a fracture of the cervical spine that resulted in 
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motor weakness on the right side of his body below the fifth cervical vertebra, and a corre- 
sponding sensory loss on the left. His head was forced into hyperextension and _ rotated 
toward the right (Fig. 10) 

Roentgenograms of the cervical spine showed what appeared to be a rotatory anterio: 
dislocation of the fourth on the fifth cervical vertebra (Fig. 12-A). A horizontal inferior 
ticular process is visible on one side at the fourth cervical vertebra in the lateral roent- 
genogram made at the time of admission. Another lateral view showed that this persisted 
after reduction by skull traction. The patient had suffered a rotatory extension injury that 
reduced spontane ously and then displaced anteriorly because of lack of bone support to prevent 
it. The articular process remained in its position of deformity 

\ mvelogram was made the same day (Fig. 12-B) which showed only a mild offset 
interiorly between the fourth and fifth cervical vertebrae and a large defect posteriorly due 
to the displaced articular process 

Following open reduction and removal of the bone fragment causing pressure on the 
cord, fusion of four vertebrae was done to prevent recurrence of the deformity (Fig. 12-C) 
Neurological recovery was almost complete Four months later fusion appeared solid in 
lateral roentgenograms made in flexion and extension. The patient, incidentally, had returned 
to college in his “patched-up” convertible with his “patched-up” neck, very well satisfied 


with both 


SUMMARY 


This paper is concerned with the advantages of internal fixation and spine 


fusion early in the treatment of fracture-dislocations of the cervical spine. It is 
based on a statistical analysis of eighty-four cases of this entity treated within 
the clinical experience of the authors. It is important to understand the mechan- 
Ist OL Injury mn each case in order to treat it intelligently. 

In the treatment of cervical-spine injuries, first consideration must be given 
to protection of the neural elements. Relieving all pressure from the spinal cord 
and nerve roots, and putting them at rest, affords the best opportunity for re- 
turn of function of the neural elements. To do this with certainty requires aecu- 
rate reduction of bone elements, followed by internal fixation for immediate 
stability and spine fusion to prevent late recurrence. The general routine of skele- 
tal traction, internal fixation, and spine fusion constitutes a method of treat- 
ment that needs to be varied but slightly in order to include a large percentage 
of all serious injuries of the cervical spine 

The results in thirty-eight spine fusions and forty-six injuries treated con- 
servatively indicate that the patients in whom fusion was done had less residual 
deformity and a lower rate of recurrence. In addition less time was spent in the 
hospital or in uncomfortable casts, and less time was spent away from work. 

The mechanism of injury in cervical-spine fractures and dislocations is dis- 
cussed in some detail, with emphasis on the hyperextension types. A new inter- 
pretation of the roentgenographie findings in a large group of fracture-disloca- 
tions with mild anterior displacement shows that approximately half of them 
were caused by hyperextension rather than flexion as previously thought. Prior 
to the recognition of this mechanism, it was difficult to understand the severe 
neurological changes that were frequently present. Placing these cases in the group 
of hyperextension injuries makes the neurological damage understandable. 
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Total Cervical-Spine Fusion for Neck Paralysis“ 


BY JACQUELIN PERRY, M.D., AND VERNON L. NICKEL, M.D., DOWNEY, CALIFORNIA 


From the Respirato yar d Re habilitation Cente 10) Poliomye litis, Ran ho Los Amigos Hos- 
pital*, Downey, and the Department of Orthopaedic Surgery, College of Me dical E ange lists, 
Los Angel 


Severe paralysis of the cervical muscles with residual instability of the head 
has, until recently, been an unusual and pathetic problem that stimulated only 
sporadic concern. Today the number of such patients has reached impressive pro- 
portions as a result of the dramatic increase in the survival rate to 85 per cent of 
poliomyelitic patients with respiratory paralysis ', the streamlining of respiratory 
aids to allow patients to be upright and active, and the frequency with which in- 
volvement of the neck muscles accompanies respiratory impairment. 


EXTENSORS - capita | EXTENSORS- CERVICAL 


Rectus capitis minor 


cepitis<— llioc ostalis 
~\ - cervicis 


S | 
DeEMispiNalis 
cervicis 
Semispinelis 


capitis \_ 
~ se Longissimus 
~ cervicis 


While the reeovery of muscle power in the neck is frequently sufficient to meet 
functional needs, there remains a significantly large group of patients with severe 
residual paralysis of the cervical muscles who have regained considerable use of 
their extremities and now need a stable head and neck for maximum activity. 

In order to formulate a systematic therapeutic plan for this potentially active 
group of people, an organized study of the problem was initiated at the Rancho 
Los Amigos Poliomyelitis Respiratory Center. It quickly became evident that in 
addition to the obvious question of instability of the head the close relationship 
between position of the head and efficient function of the pharynx had to be con- 
sidered, as a patient with partial paralysis of the pharyngeal muscles may lose all 
ability to swallow or speak if he is also unable to hold up his head. [t is the purpose 
of this paper to present the results of this study of funetion of the neck museles, as 


*Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, New 
York, N. Y., February 4, 1958 
+ Aided by an annual grant fr the National Foundation 
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well as criteria for the diagnosis and management of the problems of both insta- 
bility and malposition of the head. 

The only reference we could find relating to cervical paralysis due to polio- 
myelitis was in the paper on complete muscle transplantations by Schottstaedt, 
Larsen, and Bost in 1955, although about 1918 there were two reports on tem- 
porary paralysis of the neck due to diphtheria ® *. Through personal conimunica- 
tion we have knowledge of four cases of cervical-spine fusion to replace the sta- 
bility lost by paralysis due to poliomyelitis. 


ANATOMY OF THE NECK MUSCLES 


Close examination of approximately 100 patients with various patterns of 


paralysis of the neck has shown that the common broad grouping of the many 


cervical muscles into flexors and extensors must be further subdivided because 
control of the head is separate from that of the cervical spine. All the muscles act- 
ing on the head insert on the skull and shall be designated capital flexors and 
extensors, with the motion centered at the suboccipital and atlanto-axial joints. 
The term cervical flexors and extensors will be limited to the muscles which act 


TOTAL CERVICAL M. CAPITAL M. 


Muscle Mass in Grams 


VERTEBRAL SEGMENTS 
Fic. 2 
A schematic correlation between the weight of the extensor muscles of the 
neck and the vertebral segments they overlie to indicate the relative force active 
at each joint. 

only on the cervical spine, with motion centered in the lower cervical spine. 

The capital extensor muscles are composed of four suboccipital muscles ex- 
tending between the axis, atlas, and skull, and three large overlapping muscles 
which take origin from the sixth thoracic to the third cervical vertebra (Fig. 1-A). 
The cervical extensor mass is made up of four overlapping muscles which take 
origin from the proximal six thoracic vertebrae and insert on the second cervical 
to the sixth cervical vertebra (Fig. 1-B). A schematic interpretation of the relative 
extensor force active on each of the numerous joints in the neck can be formulated 
by correlating the weight of the individual extensor muscles '! with the number of 
segments each muscle overlies. This scheme (Fig. 2) indicates that the maximum 
mass of the capital muscle group overlies the atlanto-axial joint, and that of the 
cervical group is opposite the cervicothoracic junction. Totaling the two groups, 
the maximum mass is shown again to overlie the cervicothoracie junction, suggest- 
ing that this is a major point of stress, with a second in the suboccipital area. 

The flexors of the neck have the same basic anatomical pattern but the dis- 
tribution is not as clear because a large portion of control of the anterior part of the 
neck comes from superficial muscles with other major actions. 

The primary capital flexors are the short reeti which lie between the atlas and 
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VERTEBRAL SUPRAHYOIDS 
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Fic. 3-A 
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Fic. 3-B 


skull and the longus capitis that takes origin from the middle cervical vertebrae. 
Reinforcing these flexors are the suprahyoid muscles from the mandibular area 
(Fig. 3-A). 

The primary cervical flexors are the longus colli (a prevertebral mass), the 
three sealeni muscles which extend to the upper rib cage, and the sternocleido- 
mastoideus (Fig. 3-B). It should be noted that the posterior insertion of the sterno- 
cleidomastoideus on the mastoid process makes this muscle a weak capital ex- 
tensor unless the head has been pre-fixed in a flexed position. The infrahyoid muscle 
and the platysma are superficial accessory cervical flexors. 

A schematic study of the flexor-musele distribution, while less definite than 
the extensors, suggests that the maximum mass is opposite the fourth cervical 
vertebra, which is the apex of the cervical lordosis. 
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Fic. 4-A 


Patient is attempting to sit up from the supine position. Because of the 
paralysis of his cervical flexors he is unable to raise his head despite strong 
suboccipital and upper trunk flexion 


patient ts gravitv substitute for the absent 
p without difficulty 


Individual evaluation of the four functional groups—ceapital flexors and ex- 
tensors and cervical flexors and extensors—is necessary for effective management 


of nuchal paralysis 


HEAD INSTABILITY 


The most obvious consequence of weak muscles of the neck is an unstable head. 
Phi ipprre hension and discomfort that accompany the head which drops in all 
directions when the patient is trying to sit up or stand, and especially as he moves 
about, is sufficient to curtail severely such activities. Patients with completely 
flail cervieal spine will actually remain in bed despite good function of the ex- 
tremities unless adequate support is supplied. Others who have partial control 
will assume various postural compromises which allow them to balance these un- 
steady heads. The substituting postures fall into rather definite patterns and are 
dictated by the particular group of paralyzed neck muscles. The rationale behind 
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this method of self-management is the fact that muscle strength of a poor grade is 
sufficient to balance the head in the upright position, but much more strength is 


necessary to meet the sudden changes of position that accompany the usual every- 
day activities, such as quickly bending over to pick up something from the floor or 
getting up from the supine position (Figs. 4-A and 4-B). 

The most common site of paralysis is the cervical extensor group, resulting in 
increased flexion of the cervicothoracie junction. Overuse of the capital extensor 
muscles enables the patient to look straight ahead. This produces the well known 
postural picture of round shoulders, forward head, and acute capital extension 
(Figs. 5-A and 5-B). The patient notes no particular functional limitation other 
than the penalty of fatigue associated with the prolonged excessive use of the 
capital extensor group (the dowager syndrome). 

In our experience, paralysis of the capital extensor group has always occurred 
in association with severe involvement of other muscles of the neck, either extensors 
or flexors (Fig. 6). The principal disability is related to the influence on the pha- 
ryngeal muscles, which will be discussed in the section on bulbar function. 

When there is severe paralysis of all the extensors of the neck, the head is 
pulled or dropped forward and held anterior to the coronal body plane (Fig. 7). 
Overhead vision is accomplished by flipping the head up by extension of the trunk. 
There appears to be little discomfort to this anterior hanging position. Excessive 
flexion is prevented by the basie anatomy of the cervical vertebrae, which normally 
have a range of flexion that is less than half that available for extension, as indi- 
cated by Fielding’s recent cinefluorographie studies. Also, the extensors of the neck 
are one of the many posterior muscle groups which tend to contract in response to 

the meningeal irritation in the acute phase of 
poliomyelitis. Unless deliberately stretched out, 
this shortening will persist as a convenient in- 
ternal accessory support to replace the paralytic 
muscles—an illustration of a useful contracture 
which should be preserved. Enthusiastic streteh- 
ing would do irreversible harm as a full range 
of motion is of value only when it can be ac- 
tively controlled. 

Involvement of the flexor muscles of the 
neck causes the greatest disability. When 


Fic. 5-A 


Figs. 5-A and 5-B: Paralvsis of cervical extensors 

Fig. 5-A: Typical standing posture 

Fig. 5-B: Head extension against gravity in the presence of strong capital extensors 
and paralyzed cervical extensors. Note sharp creasing in mid-cervical area and that the 
lower cervical area has not been raised 
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Extension of the head against gravity in the presence of paralyzed capital extensors and 
good cervical extensors. Note patient is still looking down rather than ahead. 





Fic. 7 
Fig 7 Patic nt sitting. All extensors of the neck are paraly zed, but fle xors are good. 
Fig. 8: The cervical flexor muscles are paralyzed. The patient assumes the position of hanging 
his head forward, using gravity to prevent extension. 


the cervical flexor muscles are paralyzed, the patient assumes the position of 
hanging his head forward, using gravity to prevent extension (Fig. 8). Because 


— > 


extreme hype rextension CHUuUSseSs considerable discomfort. as well as interfering Ww ith 


breathing and swallowing, all motions are done with great caution. A patient who 
has had several experiences of the uncontrolled head falling backwards becomes 
almost obsessive in his protective actions, even to staying in bed despite good 
funetion of the extremities 

The control of capital flexion is seldom lost. Presumably this is related to the 
presence of the suprahyoid muscles, which are innervated by cranial nerves, a level 
that is not frequently involved by poliomyelitis. Activity of the suprahyoid 
muscles is indicated by control of the floor of the mouth and the tongue, and by the 
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Fic. 9-B 
Fic. 9-A: Photograph shows patient sitting. Capital 
and cervieal neck flexors are of a poor grade. As this is 
idequate for careful activity, little deformity is pres- 
ent. The increase of the thoracic kyphosis keeps the 
head anterior to the coronal plane. Good capital ex- 
tensors keep vision straight ahead 


Fic. 9-B: Test of neck flexors against gravity: grace 
Note upper portion of the trunk is flexed but 
This inability to flex 


poor. 
Fic. 9-A head and neck remain extended 


prevent the patient from doing a sit-up, suggesting weak 


her chin to her chest would also 


abdominal muscles 


10-A Fic. 10-B 


Prognathism as a result of mandibular 
It is readily correct by proper positioning 


impingement on the apex of the cervical lordosis 


of the head 


unimpaired ability to swallow o1 speak Adequate capital flexion seems to be ab- 


sent only when there is also serious impairment of these bulbar functions 
With just the eapital flexors functioning, the head is balaneed in the erect 


position by strongly active capital flexion and passive exaggeration of the cervieal 
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Fic. 11-A 

Figs. 11-A through 11-C: A cinefluorographir 

in a patient with the combination of severe 
Patient is supine on the x-ray table 

hig. 11-A: No additional support under the 

ndicated by the mandible overlapping the 


study of glossopharynge al breathing 
bulbar and posterior cervical paralysis 


neck or head. The capital flexion is 


spine. The pharynx is occluded (arrow) 
No swallowing or glossopharyngeal breathing was possible in this position 


Fic. 11-B 
Neck roll is in place. » increased patency of the pharynx and slight arching 
of the cervical spine. The neck roll serves to take the body weight off the head so 
the head may fall back into the more normal position. Adequate, but not good, 
swallowing was possible with the aid of the neck roll; glossopharyngeal breathing was 


poo 


rote the 


THE JOURNAL OF BONE AND JOINT SURGERY 





TOTAL CERVICAL-SPINE FUSION FOR NECK PARALYSIS 





The head is being held in good capital extension. Note the increased patency of 
the pharynx. The slight flexion in the mid-cervical areas illustrates how flail the 


posterior neck structures are, as this is Just due to tissue weight. Good swallowing 


ind glossopharyngeal breathing were possible 


lordosis and upper thoracic kyphosis (Figs. 9-A and 9-B). Several patients have 
become dependent upon a tracheostomy because of the increasing capital flexion 
and lower cervical lordosis causing a progressive impairm nt of the upper airway. 
Prognathism is frequently associated with this method of positioning as a result of 
mandibular lnpingement on the apex of the cervical lordosis. It is readily cor- 
reeted by proper positioning of the head (Figs. 10-A and 10-B). 

Aside from alterations in the anteroposterior posture which have just been con- 
sidered, there is also the question of scoliosis due to asymmetrical lateral involve- 
ment. When there is unilateral involvement of either the capital or cervical 
muscles the head is pulled toward the stronger side, with a compensatory deviation 
of the trunk to the Opposite direction, in an effort to level the eyes. Thus a marked 
scoliosis of the entire spine may be precipitated by unbalanced neck muscles. Of 
course these lateral deviations are more significant in children when there is suf- 


ficient growth still to be accomplished 


BULBAR MUSCLE FUNCTION 


The muscles of the pharynx, larynx, and tongue are commonly referred to as 
bulbar muscles because their nerve supply comes from the bulb of the medulla ob- 
longata at the proximal end of the spinal cord. Speech, swallowing, and the main- 
tenance of a patent upper airway constitute the normal bulbar functions. To this 
one may add the learned technique of glossopharyngeal breathing, which may 
replace i mechanical respirator lor seve ral waking hours These bulbar activities 
beeome the concern of the orthopaedist when there is weakness of the muscles 
of the neck in the presence ol partial bulbar paralysis. 

As previously mentioned, the capital extensors are the key group. When these 
muscles are paralyzed the head falls forward into acute flexion, passively shorten- 
ing the bulbar muscles, as well as compressing the area by the weight of the 
posterior mandibular structures against the vertebral column. If the bulbar mus- 
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. 12-2 Fic. 12-B 


Fig. 12-A: Patient supine on the table without additional support. Note, in the roentgenogram, 
the overlap of the mandible and cervical spine. The pharynx is compressed. 

Fig. 12-B Neck roll in place Note elevation of the jaw as we ll as the ce rvical spine. The 
pharyngeal area is no longer obstructed. 


cles are partially paralyzed and the position of the head cannot be controlled, all 
effective function may be lost and thus require permanent tracheostomy and gas- 
trostomy 

A normal person can gain an impression of the influence of head position on 
these pharyngeal functions by trying to speak or swallow after dropping his chin 
onto his chest. The voice will have a lower pitch and swallowing will become dif- 
ficult. Manually positioning the head into extension in patients who already have 
this combination of paralysis, may show a dramatic improvement in volume of the 
voice unless prolonged malpositioning has allowed the development of significant 
contractures. Then improvement must await the correction of these deformities by 
proper positioning of the head and specifie stretching exercises for the bulbar and 
neck muscles. 

Cinefluorography of swallowing and glossopharyngeal breathing in patients 
with severe paralysis of the capital extensors and weak bulbar muscles clearly 
illustrates the influence of head positioning. As seen in Figures 11-A, 11-B, and 
11-C, the pharynx is patent when the head is supported in capital extension but 
may be completely closed if the head is allowed to sag into flexion. These cine- 
fluorographiec studies seem to contradict Bosma’s recent interpretation that sup- 
port under the neck caused an obstructive cervical lordosis which aggravated the 
pharyngeal paralysis. 


TREATMENT 


As in the management of other aspects of paralysis from poliomyelitis, the 
first concern in treating involvement of the muscles of the neck is the prevention of 


deformity. Because a majority of these patients have a prolonged period of bed- 


rest and relative inactivity due to their respiratory involvement, the most pressing 
problem is the suboccipital flexion which results from the weight of the head 
pressing against the bed. This is alleviated by substituting a neck roll or a butter- 
fly pillow for the usual head pillow (Figs. 12-A and 12-B). The butterfly pillow 


THE JOURNAL OF BONE AND JOINT SURGERY 





TOTAL CERVICAL-SPINE FUSION FOR NECK PARALYSIS 


Vere e ww eee 


Fia. 13 


Four-leaf clover adjustment applied to Benjamin-Taylor base. 


The halo—anterior and lateral views 


also helps control lateral deviations. With severe loss of the capital extensors, 
special effort is made to keep the support just below the occiput 

The second objective of treatment is to give adequate stability and control 
of position to allow the patient to attain his maximum function potential. This 
has been approached in two directions: (1) bracing, and (2) the use of various sur- 
gical techniques. 


Bracing 


The most readily available braces for the support of the head are those de- 
signed to treat cervical-spine fractures. This type of brace suspends the head by 
support under the chin and occipital area with counterpressure on the shoulders. 


The inconveniences and discomforts of such a device are generally tolerated by 
patients with fractures when they realize its temporary nature and understand the 


dire consequences of a “broken neck”. Pressure is seldom a serious problem because 
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this type of patient has adequate muscles to control and support his head, merely 


using the brace to prevent excessive motion of the cervical spine. Also, there is 
adequate function of the upper extremities to enable the patient to apply, adjust, 
or remove the brace at will 

In contrast, a patient with severe paralysis of the neck muscles must sustain 
the full weight of his head upon the chin and oecipital supports. Aside from the 
discomfort of skin irritation, the restriction of Jaw motion prevents adequate 

biting and chewing. In a child, eon- 
siderable deformity and maloeclu- 
sion can result from the prolonged 
pressure against the mandible. At- 
tempts to alleviate the problem ol 
chin pressure by making the brace 
either adjustable or relatively loose 
fail because of the lack of inherent 
support in the neck, the head merely 
dropping until it reaches the new 
position of the chin rest. The sus- 
pended head-halter is less irritating 
but also is too unstable to position 
the head for optimum bulbar fune- 
tion unless the patient has partial 
voluntary control. 

At Rancho Los Amigos Hos- 
pital a brace has been developed 
which avoids chin pressure by sub- 
stituting a forehead strap for the 
chinpiece and changing the occipital 
cup to a four-leaf clover shape to 
provide more stability for the head. 
When the occipital support is well 
positioned under, rather than 
against the back of the head, very 
little pressure on the forehead is 


Halo traction ipparatus on a patient The base has been fastened to the cast with screws but 
has not vet been covered with plaster 
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required to maintain adequate positioning or balance, and significant suboccipital 
extension can be obtained for bulbar function. 

This head support 1s balaneed on a single adjustable posterior bar which is 
extended from either a removable body cast or a thoracic harness such as is used 
in the Benjamin-Taylor neck brace * (Fig. 13). The one disadvantage to this brace 
is that the rotatory deformities are not well controlled, and when this is a problem 
it has been necessary to revert to the chin support. However, all braces are re- 
stricting, uncomfortable, and far from attractive, so that most patients prefer to 
get by, if at all possible, by using one of the previously mentioned substituting 
postures and taking advantage of such tricks as turning sideways to get up from a 
supine position and limiting their scope of activity. 

Thus, it is only the adults with severe paralysis or children who are being pro- 
teeted against scoliosis who remain in braces for a prolonged period. Without sup- 
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port both the children and adults tend to develop significant progressive postural 
abnormalities which become increasingly more rigid. In children there is the addi- 
tional problem of bone deformity. 


Surgery 


Properly selected surgery provides the most effective means of restoring sta- 
bility and proper positioning of the head. Also, the problems of skin irritation, 
adjustment of braces, and dependence on others to apply the brace are eliminated. 

Three types of surgery applicable to this problem are total muscle transfer, 
fascial transplantation, and cervical-spine fusion. Transference of the pectoralis 
major to replace the sternocleidomastoideus is an effective means of supplying 
flexion of the neck !° and is indicated when the cervieal flexors are paralyzed but 
capital muscles are adequate. The other requisite, of course, 1s the presence of 
transferrable muscles, a rare finding in patients with respiratory paralysis, as se- 


vere paralysis of the shoulder and shoulder-girdle muscles is almost always pres- 
ent. Patients with muscles just less than adequate for functional demands would 
profit from the added stability provided by fascial transplants as reinforcements 
We have had no experience with these two procedures, but would use them in the 
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Fic. 18-A Fic. 18-B 


ind 18-B: Lateral roentgenograms of normal cervical spines 
Male: total cervical are is 0 degrees 
Female: total cervical are is 45 degrees 


future if we should have patients who would meet the basie eriteria 

With severe paralysis and its associated instability, fusion of the cervical 
spine is to be preferred. It is this most severe group which has been treated at 
Rancho Los Amigos Hospital. This method also has the advantage of being able 
to correct a faulty position as well as giving stability, so the patient may then take 
advantage of the function that is present in the trunk and extremities. 


Tree 


The proximal limit of the cervical fusion is dictated by the strength of the 


capital extensors. Unless these museles are at least good (that is, taking significant 
resistance when tested with the patient in the pron position), they will be inade- 
quate to support the head independently. Thus when these capital extensors art 
weak, the fusion must extend to the occiput for a good result 

There is a strong tendency to leave the suboccipital area free for the range of 
rotation, but unless the patient has adequate muscles to stabilize his head he will 
not take advantage of this available rotation for fear of the head dropping, and in 
preference elects to turn the whole trunk when there is sufficient musculature of 
the trunk or lower extremities 

Initial timidity on our part to ¢ liminate rotation required a suboceipital fusion 
as a second stage in our first patient, and upon completing this additional surgery, 
excellent funetion and a happy patient resulted. For these reasons cervical fusion 
n patients having inadequate control of the trunk or extremi- 


is rarely indicated 
for the complete loss of head rotation. These more severely 


ties to substitute 
involved patients are confined to wheel chairs or bed and are able to make use 
of whatever active head rotation power is present by just stabilizing the head 
against the chair back, bed, or brace. Fusion of the suboccipital area would only 
be indicated when instability of the head is preventing adequate bulbar function. 

In the presence of good capital extensors the proximal extent of the fusion is 
the joint between the second and third cervical vertebra, with care being taken 
not to distort the short suboccipital muscles by stripping the spinous process of the 
axis. The lower limit of the fusion is determined by the amount of stability of the 
trunk or seoliosis present. 

When an unstable neck is the only problem, the fusion has been terminated 
distally at the third thoracic vertebra to assure good continuity between the fused 
area and the controlled area of the spine. This thoracie segment may be controlled 
either by active muscle power or the inherent rigidity of the unstretched post- 
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poliomyelitie spine. If there is a coexisting progressive scoliosis or unstable back, 
the cervical fusion is considered to be a proximal portion of a total spine fusion 
which may be extended as low as the fourth lumbar vertebra. 

The biggest technical problem was one of adequate head fixation for the post- 
operative period in patients who had positioning difficulties due to impairment of 
bulbar function or a scoliosis. Skeletal cranial control was considered necessary 
from the first. Initially this was accomplished by means of wire passed through 
burr holes in the skull *. This method offered longitudinal traction, but poor control 
of rotation in either the coronal, sagittal, or transverse planes, and multiple altera- 
tions in the supporting plaster casts were required. 

The problems of making minute postural changes within a large plaster cast to 
meet the demands of positioning for good bulbar function quickly indicated that a 
better method was essential. Fortunately, at this time we learned from Bloom of 
his apparatus for facial maxillary traction, which consisted of an aluminum tiara 
fixed to the cranium with screws. The advantages of this device for complete con- 
trol of the head were apparent immediately. Changing the cranial portion to a full 
ring and making it of stainless steel provided the necessary additional strength 
(Fig. 14). This halo was then fastened to an adjustable counter-traction device 
which was fixed to the body cast (Figs. 15 and 16). By this means controlled trac- 
tion and adjustment in all directions are provided. The skull pins have an offset 
which prevents excessive penetration (Fig. 17). They are easily applied by simple 
screwing without an initial incision, and can be changed readily under local anaes- 
thesia. At present, three holes have been made in the halo for each of the four pin 
sites to allow changing of the pin in the event of a skin reaction. 

The incidence and extent of reaction to the pins has been mild and relatively 
infrequent. The pins have frequently been left in for three or four months without 
any difficulties. As yet the longest time a halo has been used continuously is ten 
months. All the pins were changed once during this period. 

Frequently a small amount of serous drainage is noted about the pin site, but 
this is usually controlled easily by daily cleansing with phisohex. If granulation 
tissue or cellulitis becomes evident, the pins are moved to a new site. Once the pins 
have been removed, the pin holes heal quickly without incident despite the close- 
ness of the new insertion 

The cast is a typical body jacket, with the addition of shoulder straps. It is 
molded well about the iliac crest and against the convexity of the scoliosis, if such 
exists. The shoulder straps are sufficiently high to allow for the upward motion of 
the trunk when traction is applied. A large upper abdominal window is cut in the 
cast to relieve abdominal pressure while the patient is prone during surgery and 
for ease in eating and breathing. 

Adequate time is allowed for complete and satisfactory positioning of the 
patient prior to surgery, with the changes being made in multiple small stages. 


The desired position has been determined as that which provides the optimum 
bulbar function, or in the ease of scoliosis, when the head is balanced over the 


pelvis and the curve has been corrected as much as possible. 

In an attempt to determine the normal position of the head and neck, roent- 
genograms were made of several of the younger employees with average posture 
and without history of neck lesions. The are of the total cervical spine varied from 
0 to 45 degrees, with considerable difference in the contour as well. No significant 
average was found, although the lordotic curve was consistently less in males 
(Figs. 18-A and 18-B). The suboeccipital angle was measured between the longi- 
tudinal axis of the odontoid process and the base of the skull (as indicated by a 
line drawn between the floor of the sphenoid sinus and the junction of the occipital 
bone and mastoid process), by means of a lateral roentgenogram. This angle varied 
between 115 and 145 degrees, with the majority falling into the middle of the 
range. 


An interesting consistency in this angle was also noted in the patients with 
; ] 
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Anaesthesia adm tered b t n through the tracheostomy 


combined upper cery ical extensor paraly sis and partial bulbar involvement. Their 
usual resting position is at 9O degrees or less when bulbar function is obstructed. 
Manual positioning, bracing, and surgery have all produced useful bulbar function 
when an angle of 105 degrees has been attained 

As all of these patients W ith unstable necks had subnormal breathing capacity 
(50 per cent or less), an elective tracheotomy was performed prior to application 
of the halo and body east, and the patient was trained to use positive pressure by 
tracheoston V tor maintenance during the postoperative period At the time oft 
surgery this tracheostomy was also a convenient means of intubating the patient 
with the head locked in a rigid position (Fig. 19). This was necessary because all the 
surgery had to be done through a window in the cast with the halo in position in 
order to maintain accurately the desired position. A Mayo stand had been con- 
verted to a halo support to make the anterior part of the neck readily available to 
the anaesthetist and yet give adequate stability for the surgery (Fig. 20). 

If no special positioning was required, a simple Minerva jacket was used for 
the postoperative immobilization if the fusion did not extend proximally to the 
second cervical vertebra 

The actual surge rv consist d of the usual posterior exposure, with meticulous 
care being taken to stav in the mid-line raphe and to denude the vertebrae sub- 
periosteally in order to minimize bleeding 

The subpe riosteal stripping ol the lamina was carried to the lateral margin ot 


the posterior articulations, except at the atlanto-axial and suboccipital levels, 


where these joints lie anterior to the vertebral vessels. Because these vessels are 
slightly superolateral to the articulation between the second and third cervical 
vertebra, the medial edge of these posterior articulations indicates a safe lateral 
extent for exposure of the atlas and occipital bones. All the exposed bone was de- 
corticated with a gouge, using the chip technique of Hibbs, with particular care be- 
ing taken to disrupt the entire posterior surface of the posterior articulations. If the 
fusion area did not extend proximal to the second cervical vertebra, no additional 
bone was used. When the fusion was to include the atlas and occiput, multiple 
small chips of autogenous cancellous bone were added. This was taken from the 
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Fic. 20 


Position of patient at surgery. Note the support under the halo 


posterior portion of the ilium at the time of the fusion In any event, the cancellous 
bone chips were packed in the entire area extending from the oeciput to the second 
eervieal vertebra. Care was taken postop ratively to get adequate posterior pres- 
sure to prevent hematoma formation because the halo frame actually holds the 
patient's neck away Troms thie bed 

The technical probl m of denuding the cervieal vertebrae has been greatly 
facilitated by the stability offered by the halo traction apparatus This has en- 
abled us to do the entire cervical fusion in one stage without difficulty There has 
been no evidence of shock or damage to the spinal cord in our series. 
The postoperative program has varied with the extent of the fusion. In all 
the patients skeletal traction has been maintained for three months. Patieuts with 
neck fusions only, whether or not the skull is included, are then transferred to a 
posterior padded plaster shell (Fig. 21), carefully molded to mateh the desired 
position. Straps across the forehead and chest hold the patient in the cast as de- 
sired. After approximately six weeks, the cast is discarded for increasing 
periods of time starting with one hour a day; but it is continued at night for at least 
three months. “as the lving position produces thie ereatest constant stress due to 


pressure against the baek of the head. A ne ck pillow Is pre seribed for an additional 


three months. This interval of partially decreased immobilization from that sup- 
plied by the halo encourages the more exuberant eallus formation that tends to 


accompany the stress of very slight motion at an ossifying site, yet is absent when 
fixation is suffice ntly rigid to eliminate these stresses or when there is an excess of 
motion *. The group of patients having just cervical or thoracie fusions were allowed 
to begin sitting up approximately one week following surgery. Generally these pa- 
tients were fully ambulatory, without restrictions, by the end of the third post- 
operative week. When the fusion extended into the lumbar area, patients were 
kept supine for three months with their casts extending to the mid-thigh level 
bilaterally. A graduated program of sitting was then begun during the fourth 
month, reaching unlimited sitting or standing time by the end of the six-month 
period. 

When a neck fusion is part of the total spine fusion for scoliosis, the skeletal 


traction has been maintained for the entire six-month period of solid cast fixation 
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if the skin tolerance to the pins permits. Other- 
wise, a Minerva jacket is applied at the usual 
three-month interval. At the end of the six- 
month period of solid cast fixation, a removable 
body east, including a head support, is then 
applied as part of the routine for the treatment 
of scoliosis for an additional six months, or 
longer, depending upon the patient’s individual 
postoperative course. 

The following representative cases will 
illustrate the many points discussed in this 
paper. 


Case 1. D. F., a twenty-three-vear-old white fe- 

male had had poliomyelitis for four years Her vital 
ipacity was 1860 milliliters (57 per cent of normal) 

\ respirator and tracheostomy were required during 
the acute phase. The early bulbar paralysis had im- 
proved to a functional level but the tracheostomy 
continued to be necessary for an adequate airway 
While the patient was fully ambulatory with good 
function of the trunk and extremities, excepting the 
poor shoulder muscles, the head was sufficiently un- 
stable to discourage all but the simplest activities 
With complete paralysis of the cervical muscles, poor 
( ipital extensors and good capital flexors, she bal- 
inced her head by active capital flexion and gross 
exaggeration of all the anteroposterior postural curves 
irticularly the cervical lordosis. Coincident with a 

was a decreased tolerance to plugging the 


second cervical to the third thoracic vertebra with wire 


A felt Shanz collar and neck roll were then substituted 


Due to poor cooperation about wearing the collar and strong capital flexors, the head 
romptly pulled into flexion with pain and some impairment of bulbar function. With applica- 





Fic. 22-B 


\ppearance of patient before surgery. 
ne llowing fusion from occiput to fourth thoracic vertebra. 
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Pt 


Fig. 22-C Pre operative position of cervical 
spine. 


Fig. 22-D. Position following fusion from sec- 
ond cervical to third thoracic vertebra 


Fig. 22-E: Position following extension of 
fusion to skull. Note with the second immobili- 
zation the interspinous fusion mass partially 
ibsorbed. No clinical motion is evident 





‘1G. 29-F 
IG. £6-L 


tion of a corrective posterior plaster shell and a vigorous exercise program, the flexion de- 
formity was overcome and the capital extensors increased to a grade of fair. However, she could 
not maintain the head upright throughout the day so the fusion was extended to the oeciput 
Halo traction was used this time (with considerably more comfort), followed by a posterior 
shell. The result was excellent and the patient is happy and an alert person, actively participat- 
ing in social events, and attending business college. Respiratory assistance by positive pres- 
sure through the tracheostomy was used for bot}! postoperative periods 


Case 2. G. E., this twenty-seven-vear-old white male had had poliomyelitis for three years 
His vital capacity was 790 milliliters (18 per cent of normal) in the supine position, increasing 
to 1250 milliliters (29 per cent of normal) on sitting up. A cuirass respirator has continued to 
| 


ve necessary when he is recumbent. Bulbar function was temporarily impaired at the onset of 
his illness. His head was grossly unstable due to complete paralysis of the cervical extensors 
ind poor cervical flexors. The capital muscles were good and the patient wore a Shanz collar 
preferring partial support to the restriction of a large brace. He curtailed his activity to the 
minimum despite normal lower extremities and trunk and the reconstruction of functional 
upper extremities by bilateral flexorplasty, opponensplasty and first dorsal interosseus trans- 
fer, and an inters ipular fascial transplantation 

The spine was fused from the second cervical to the third thoracic vertebra, with im- 
mobilization by a Minerva jacket as there was no positioning problem. After three months, a 
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Fic. 23-A Fic. 23-B 
Preoperative position of patient with and without Shanz collar 
exposure photograph showing available neck motion after spine fusion 
1 cervical to the third thoracic vertebra 


iale, eles ears ol ’ ‘ it ne and one-halt 
Her I i \ rratddadate per ¢ t) whi Ipin ind increased to 540 


uilliliters (21 jy. ent) when she vy ting. She wa dependent spirutory equipment 


vhile upright but r ed me Lie ssistance any time she was lving. The muscles of the 
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Case 3. Photograph showing preoperative instability of neck 
Position one vear after spine fusion 


gr. 24-( Roentgenogram she 


hig 
Fig. 24- Preoperative positi 
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Fic. 24-E Fic 
Fig. 24-E: Postoperative position of neck 
Fig 
rteb 


24-F: Postoperative position of spine after fusion from occiput through the third lumbar 


s and the abdominal muscles were good. Function in her hands, wrists, and 
fair but was absent in the right elbow and both shoulders. Her neck and back 
were entirely paralyzed with an extremely flexible neck so that unless careful support of het 
head was maintained the patient was apprehensive whenever her position was changed. The 


lower extremity 


left elbow were 


patient was able to walk unassisted wearing a body jacket and with he ad support 

For head and trunk stability, a spine fusion from the occiput to the fourth lumbar vertebra 
was done in three stages, with autogenous iliac bone being added to the suboccipital area only 
Postoperative immobilization was accomplished by the halo traction apparatus for a six-month 
period. The patient then used a removable body jacket for an additional six months. She is now 
getting about without assistance, walking with confidence, and getting up and down inde- 
pendently. 


RESULTS 


To date, twenty-two cervical fusions have been performed during the past two 

and one-half years, of which ten have included the skull (Figs. 22-A through 22-E). 
Half of this latter group terminated at the third thoracic vertebra. Of the others, 
two extended to the tenth thoracie vertebra and the rest to the fourth lumbar 
vertebra to include a progressive or collapsing scoliosis. Twelve patients had ade- 
quate stability of the head so that the proximal limit of these fusions was the axis. 
All but two of this group had severe scoliosis associated with instability of the neck 
so the fusions extended to the lower thoracic or lumbar areas. Wire skeletal fixation 
was used in the first two patients. One patient with a simple fusion of the second 
cervical to third thoracic vertebra that required no special positioning used just 
Minerva jacket. All the others, including all the occipital fusions, were immo- 
bilized by the halo traction apparatus. This apparatus has been used for an addi- 
tional thirteen patients with high thoracic scoliosis, which will not be discussed 
at this time. To date we have no evidence of pseudarthrosis or loss of position. 
The only complications have been in the two patients in whom we attempted 

to retain suboccipital motion primarily for the rotational element, despite inade- 
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quate muscle power. The first patient had relatively strong upper cervical flexors 
and promptly pulled into a fixed suboccipital flexion, with pain and increased dif- 
ficulty in speech and swallowing. Correction of the position and extension of the 
fusion to the occiput was necessary. The other patient with a similar problem has 
severe bulbar weakness and associated relatively poor power in the capital flexors. 
As a result she has not pulled into a deformed position but when she leans forward 
her head falls into flexion, causing temporary obstruction of the pharynx, with re- 
sulting occlusion of the airway and interference with swallowing. These two pa- 
tients demonstrate the problem of an inadequate length of fusion. 

There have been no medical complications with any of the patients. We feel 
that the liberal use of respiratory aid during the postoperative period and judicious 
replacement of blood lost during surgery, as well as the protection offered by the 
halo traction during surgery, account for the benign postoperative course. 

The vital capacities of this group of patients ranged from 8 to 50 per cent of 
normal. Eight of the patients were routinely dependent upon mechanical respiratory 
ald at the time of surgery. 

We wish to emphasize the following six points: 

1. The neck muscles form four functional groups: flexors and extensors of the 
head, and flexors and extensors of the neck. 

2. Paralysis of the neck muscles may prevent the patient’s taking advantage 
of the function that is present in his extremities. 

3. Paralysis of the capital extensors may greatly embarrass or completely 
prevent swallowing and speech by allowing the head to fall into extreme flexion. 

4. Total cervical-spine fusion is an effective way of replacing the stability 
essential for general activity and this fusion must include the occiput if the capi- 


tual extensors are weak. 
5. The halo traction apparatus Is a successful means of stabilizing the head 


and neck for fusion in a predetermined position. 
6. With the use of mechanical respiratory assistance, the presence of respira- 
tory paralysis is no longer a deterrent to safe major reconstructive surgery. 
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DISCUSSION 


Dr. Epwin R. Scuorrstarpt, SAN Francisco, CatirorniA: Few of us have the opportunity 
to work with a concentration of severely involved poliomyelitic patients suffering from head 
ind neck paralysis, associated with problems of respiration, speech, and swallowing. How- 
ever, this in no way detracts from the importance of this contribution, for the lessons learned 
here allow those interested and faced with such an occasional problem to face it in an opti- 
nistic and intelligent manner. I have seen some of these patients with the halo in place 
and those I saw were comfortable. The resultant fusions were excellent. 
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hose of you who have cared for the extreme functional disability arising from severe 
iwalysis of the cervical spine will realize at once that here is a well conceived and logically 
executed plan ol treatment The loss of the occipital articulation is not so great a func- 
ional loss as you may think and to these patients the gain in stability and neck control is 
essential to rehabilitation. This technique will, IT am sure, prove useful also in treatment of 
the difficult: high cervicothoracic scoliotic curve 
rhe importance of the categorization of the muscle groups affecting functions in this re- 
gion to capital and cervical flexors and extensors is basic to clear thinking. The realization of 
the effect of the position of the head and neck on swallowing and speech, coupled with a tech- 
nique for solving the problem, is of extreme importance 
In our care of cervical paralysis we have usually employed the techniques of external sup- 
port with brace or rigid shell. In carefully selected patients with paralyzed or weak neck flexors, 
we have done bilateral transpositions ol the pectoralis major to replace the sternoc le ido- 
mastoid muscles. We now have three such cases in our series with successful results 
It is to be expected that accidents will occasionally occur with the use of any skeletal fix- 
tion. The commonly used skeletal adjuncts to the treatment of fracture of the cervical spine 
lso are responsible occasionally for infection and other complications. However, where one 
is faced with a problem of this magnitude, the possible risks involved in the use of the halo 
seem well worthwhile 
\ further contribution made by these authors is their use of positive pressure anaesthesia 
ind the postoperative use of the respirator 
There is one thing I would like to ask the authors to bring out if they will, and that is the 


ie incidence of the vatients thev have told us about 


Dr. Nicket (closing): We feel it is safe to operate on a patient, despite his severe respira- 
ry paralysis, with the equipment and techniques that are generally now available throughout 
this country. There is a general feeling that the incidence of poliomyelitis is decreasing 
markedly and that we don’t have a lot of poliomyelitic work to do. Actually, we are facing 
the peak of the reconstructive work required during the next few vears. Many of these are 
patients who have been relatively much more severely involved. There are large numbers of 
them throughout the country and they need the intensive care of orthopaedic surgeons. 
The age incidence, generally, is late adolescence and young adulthood. We feel that this 
operative procedure should be done in children at an earher age, and that there is probably no 


contra-indication to this, but so far we have not done it 


ADDENDUM 


Since the presentation of this paper we have used the halo traction apparatus on an addi- 
tional thirty-one patients with high thoracic or collapsing scoliosis. This has provided a marked 
improvement in both positioning and immobilization of the upper thoracic and cervical spine 
is compared with a Minerva jacket. The halo is now a routine part of our armamentarium for 
the treatment of this type of scoliosis. Only twice have we needed to remove the halo early be- 
cause of recurrent pin irritation, and this only after two to three months’ wear. There was no 
loss of correction in either case. The type of scalp most likely to cause trouble is that which is 
oily or redundant. The residual sear from the pin in all patients has not been more than a 
one-eighth of an inch dimple, which quickly fades into obscurity. 

The alignment of the halo traction apparatus on the cast has been simplified by dividing 
the crossbar which is attached to the cast so that each upright may be adjusted individually 
There have been no further alterations in technique or philosophy of management. 
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Pain and disability of the head, neck, and upper extremity resulting from 
degenerative changes of the cervical spine are frequently encountered and often 
present a therapeutic enigma. The literature dealing with this subject presents 
confused and often contradictory concepts, not only of the pathology, but also 
of the structural anatomy. 

There are certain anatomical peculiarities of the cervical spine which must 
be considered in order to understand fully the changes which occur. The body 
of a typical cervical vertebra is broader from side to side than from before 
backward. The superior surface has two well marked lateral lips which render 
it concave from side to side, while the inferior surface is notched laterally and 
thus is convex from side to side. The posterior surface is squared, but the ante- 
rior surface is prolonged downward to form a distinet lip. The lateral lips of 
the superior surfaces of the third to seventh cervical vertebrae were deseribed 
as eminentia costaria by von Lusechka, in 1858, who based his observations on 
Meckel’s suggestion that these projections were vestigial ribs of the cervical 
spine. This structure has also been termed processus lunati by Giraudi. Ratheke 
noted that these lateral lips or uncinate processes develop during the second 
decade and that, prior to this, the superior surfaces of the bodies are flat. These 
processes lie in close relationship to the intervertebral foramina and are in in- 
timate relation with the emerging nerve roots. Bovill and Drazek found that the 
lateral lips varied in size and extent and that some of these processes extended far 
enough posteriorly to present a barrier to posterolateral dise protrusions into the 
spinal canal. Frykholm stated that the unecinate processes are directly lateral in 
position in the fifth and sixth cervical vertebrae and become dorsolateral in the 
seventh cervieal and first thoracie vertebrae; he further suggested that one of the 
functions served by these processes was to restrict lateral flexion of the spine in 
order to protect the trunk of the brachial plexus. 

Some authors believe that the approximation of the lateral lips with the 
corresponding notched defect on the inferior aspect of the next higher body con- 
stitutes a true joint with capsule, synovial lining, and joint cavity, whereas 
others believe that the intervening material is the most lateral portion of the 
dise. It was pointed out by von Luschka that in the cervical spine the inter- 
vertebral dises do not extend as far laterally as the bodies and that the lateral 
lips of the cervieal bodies form an articulation with the notched facet of the 
body above which he termed hemiarth ‘osis. iunterve rtebralis lateralis. Trolard 
termed these articulations uncovertebral joints; Brain, Knight, and Bull referred 
to them as neurocentral joints, and Jackson termed them lateral joints. Krogdahl 
and Torgerson noted the presence of a joint-like cavity bounded by a fibrous 
capsule and concluded that these fissures resembled an articulation and that 
the pathological changes and osteophytes in this area were a form of arthrosis 
distinct from proliferations in the remainder of the vertebral margins known 
as spondylosis. On the other hand, Rathcke and Giintz could find no true lateral! 
articulations, nor could Bovill and Drazek find any joint structure in this area. 
Haglund concluded that a pathological condition of the lateral joints was a 
manifestation of dise disease and not related to a specific joint. Frykholm noted 
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that the lateral joints form an anchorage for the annulus fibrosus with inter- 
posed dise material. He further observed that all structures enclosed between 
the epiphyseal rings of two adjacent vertebrae are contained by the annulus 
and that the occurrence of joint-like cavities can be explained on the basis of 
fissuring of the annulus which is frequently seen throughout the spinal column. 

The spatial relationship of the spinal cord and nerve roots to their cover- 
ings of bone were studied by Arnold and also by Elliott. At the level of the 
fifth cervical vertebra, the average anteroposterior diameter of the spinal canal 


was 1.4 centimeters; the anteroposterior diameter of the spinal cord at this level 
was 0.8 centimeter. The average transverse canal diameter was 2.5 centimeters; 
the spinal cord measured 1.3 centimeters in this plane. The nerve roots, which 
lie on the floor of the intervertebral foramina, fill the anteroposterior diameter 
and occupy approximately one-fourth of the total foraminal space, the remainder 
being occupied by blood vessels, lymph vessels, and areolar and fatty tissue. 


Parra ere... ) ep 
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Fig. 1 


oronal section of a relatively normal cervical spine showing the relationship of the dises to 
erve roots. Arrow indicates lateral joint separating dise from nerve root 











The purpose of this study of the cervical spine is to examine the nature 
and the incidence of osseous and joint changes by dissection and analysis of 
cadaver material. In the first phase of the study, anteroposterior, lateral, and 
oblique roentgenograms were made of forty-one cervical spines, following which 
observations were made on the changes and relationships of bone, joint, disc, 
nerve root, and cord. In the second phase, the soft tissues were removed, and 
the dried vertebrae were again articulated in order to examine minutely the 
changes occurring in the bone structure. Twenty-seven articulated spines were 
available. In addition, many spines were dissected in various planes and frozen 
serial sections made of entire spines for the study of specific points. The average 
age of the specimens used in the statistical survey was sixty-eight years. There 
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were thirty-one males and ten females. The cause of death was known for 
each specimen, but no clinical history was available. 


DISC DEGENERATION 

The lamina of each of forty-one specimens was removed and the relation- 
ship between the spinal cord and its roots to the surrounding structures was 
observed. The cord and roots were then removed and each vertebra was dis- 
articulat.d to note the condition of the dises and the intervertebral joints. 

The intervertebral dise was considered to be grossly degenerated if it was 
thinned, vacuolated, and fibrillated. Most such dises showed horizontal clefts 
and loss of the normal elasticity. Gross degeneration was easily recognized by 
these means; but it was, of course, not possible to identify early dise changes 
by this method. Microscopic detail of the disc was distorted in preserved speci- 
mens and by the lack of proper histological fixation, and could not be evaluated. 
Table I shows the incidence and distribution of the gross dise changes noted. 


| 
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Fic. 2 
Fig. 2: Coronal section of a cervical spine. Arrow indicates nerve root compressed in the 
foramen at the level of a degenerated dise 





Fig. 3: The spinal cord and nerve roots have been displaced to show the prominent disc 
levels. The arrow indicates a nodular mass of reactive bone at the entrance of the nerve 
foramen. Similar changes are present in the adjacent lateral joints 


Of the cervical spines examined, 49 per cent revealed dise changes between the 
fifth and sixth, and the sixth and seventh bodies. Degeneration was not con- 
fined to any specific area in the dise and was present in most instances in both 
central and peripheral portions. In five, a spontaneous interbody fusion was 
noted with islands of residual dise cartilage found centrally. Two such fusions 
occurred between each of the fifth and sixth, and sixth and seventh bodies, and 
one between the third and fourth body. 

When the ratio of specimens showing no change at any dise level was com- 
pared with those showing changes at one or more levels and calculated for 
each decade from the fifth to the eighth, no significant rise was noted in the 
older age groups. In those spines showing degeneration of one or more discs, 
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changes at several levels were seen more frequently in the older groups. No 
more than two dises were involved in any single specimen below fifty years of 
age, whereas four or more degenerated discs were frequently seen in those above 
sixty years (Chart I). There were thirty-one male and ten female specimens; 
no significant differences could be established by division into sexes. In a study 
of forty spinal columns, Morton found dise degeneration at one or more levels 
in 70 per cent. In the present study, thirty-one of the forty-one spines (76 
per cent) showed one or more dise changes. 


TABLE I 


Disc DEGENERATION IN ForTY-ONE SPECIMENS 


4 (10 per cent) 
11 (27 per cent) 
17 (41 per cent) 
20 (49 per cent) 
20 (49 per cent) 

5 (12 per cent) 


PROTRUDED DISCS 

Kach dise level was investigated for nuclear material projecting into the 
spinal canal. Such extrusions were in all cases minute and did not lie free in 
the canal but were contained by the posterior longitudinal ligament. The pro- 
trusions were often directed anteriorly as well as posteriorly and did not, in the 
absence of reactive bone spurs, compress or displace the cord. In no case was 
dise material found far enough laterally to be in contact with the nerve root or 
foramen. Displacement of dise material was found in twelve specimens, in nine 
of which the entire dise showed degeneration associated with the protrusion 


(Table IT) 


POSTERIOR PROJECTING OSTEOPHYTES 


Osteophytic spurs springing from the posterior surface of the vertebra and 
indenting the anterior surface of the spinal cord have been reported to produce 
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corticospinal-tract impairment. Such lesions are frequently seen roentgeno- 
graphically in the oblique and lateral projections of the cervical spine and may 
also cause myelographie defects. In several of the specimens, projecting Os- 
teophytes produced a deep impression on the anterior surface of the cord. These 
spurs were largest in the mid-line; and, when two or more adjacent dise levels 
showed well developed spurs, a mid-line longitudinal depression on the anterior 
surface of the dura mater and cord was formed. Such osteophytes were always 
associated with dise degeneration and occasionally were seen with dise pro- 
trusions. Spur formation at the various dise levels showed a distribution pat- 
tern similar to degenerative dises (Table IIT) 


TABLE II 


Disc Prorrusions 


CC vy 


Anterior dise protrusion 





with dise degeneration 
Posterior dis« protrusion 
with dise degeneration 
(Anterior and posterior 
dise protrusion with 
dise degeneration 
Posterior dis¢ protrusion 
no disc degeneration 


TABLE ill 


LARGE OSTEOPHYTES PROJECTING POSTERIORLY FROM THE 
VERTEBRAL Bopy INTO THE Spina CaNnat (Forty-oNE SPECIMENS) 


( 2 per cent) 
(17 per cent) 
(27 per cent) 
(17 per cent) 
( 5 per cent) 


Posterior projecting osteophytes were regarded as a common cause of spastic 
paraplegia by Pallis, Jones, and Spillane. These authors studied a group of in- 
dividuals over fifty years of age who had no neurological complaints but who 
showed evidence of corticospinal-tract signs on careful neurological examina- 
tion. These could be correlated with narrowing of the cervical spinal canal by 
osteophytes. 


DEGENERATION OF THE LATERAL JOINTS OF LUSCHKA (UNCOVERTEBRAL JOINTS) 


From the nature of this study, it was not possible to prove or disprove that 
these articulations are true synovial joints. The superior lateral surface of each 
cervical body from the third to the seventh showed a well defined blunted 
uncinate process directed upward in relation to the upper border of the base 
of the pedicle. The inferior surface of each body between the second and the 
sixth vertebra showed a triangular defect in relation to the lower border of the 
pedicle which articulated with the upward directed process of the caudad body. 
These so-called joints were more fully developed in the mid-cervieal area, were 
often asymmetrical, and were usually poorly developed between the sixth and 
seventh cervical vertebra. In the thoracie spine, this portion of the vertebra 
formed the articulation between the head of the rib and the vertebral body. 
The cervical-nerve root at each interspace, at the point where it enters the inter- 
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The lateral lips are well seen on the superior surface of this vertebra. On the right degener- 
ve changes have occurred 


vertebral foramen, was in close proximity to this joint. The nerve root had been 
reported by Frykholm to occupy one quarter to one-fifth of the diameter of the 
foramen. As the dise narrowed the diameters of the two structures approximated 
each other more closely. In anteroposterior roentgenograms of adolescents, the 
corresponding superior process and inferior recess of the uncovertebral joints 
were widely separated by the full height of the dise, but in older age groups, as 
the dise narrowed, the projecting uncinate process below and the recess in the 
body above approached one another 


TABLE IV 


LuscHKa Joint DeGENERATION WITH PROJECTING 
OsTEOPHYTES IN RetatTio~ TO Roor (Forty-oNE SPECIMENS) 


per 
per 
per 
per 
(39 per 


Secondary changes were frequently seen in this structure. The superior proc- 
ess was broadened and thickened, and its cartilaginous surface showed erosion 
and was ringed with osteophytes. The triangular recess of the inferior aspect 
of the vertebra also showed cartilage erosion, and large spurs had developed 
which often were directed into the floor of the intervertebral foramen. These 
changes were seen only when the dise was markedly narrowed and degenerated. 
Such reactive bone formation in the Luschka joints produced a nodular mass 
at the entrance to the foramen over which the cervical-nerve root was displaced 
posteriorly just as it entered the intervertebral foramen. Although the course 
of the root was altered by these masses, no soft-tissue adhesions or fixation 
between the nerve root and the degenerated Luschka joint were noted. The inci- 
dence of these articular changes at the various intervertebral levels correlated 
with the levels showing dise degeneration (Table IV). 

In a controlled study of 107 patients suffering with cervical and brachial 


pain, whose roentgenograms were compared with those from an equal number 
of asymptomatic individuals in the same age group, Tapiovaara demonstrated 
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The inferior surface of the fifth cervical vertebra shows advanced degenerative changes on 
the right partially occluding the canal of the vertebral vessels on this side 


that the only significant roentgenographic findings present in the symptomatic 
group were the changes in the Luschka joints and the narrowing of the inter- 
vertebral foramina. 
DEGENERATION OF THE APOPHYSEAL JOINTS 
The ratio of surface area of the apophyseal joint to the area of the inter- 
vertebral surface of the corresponding body diminishes in the lower cervical 
spine as the bodies become larger. It may be assumed that the apophyseal joints 


of the upper cervical spine carry a larger proportion of the weight of the head. 
All weight transmission between the first and second cervical vertebrae is borne 


TABLE V 


(POPHYSEAL JOINT DEGENERATION (TFoRTY-ONE SPECIMENS 


per cent) 
per cent) 
per cent) 
per cent) 
per cent) 
per cent) 


TABLE VI 


CHANGES NOTED ON THE SUPERIOR AND INFERIOR SURFACES 
OF TWENTY-SEVEN CERVICAL VERTEBRAE CLEARED OF Sort TISSUES 


Degenerative Severe 
Changes Noted Degeneration 


( 4 per cent) 0 
(25 per cent) 0 

8 (68 per cent 1 (15 per cent) 
(Sl per cent) 8 (29 per cent) 
(78 per cent) 11 (41 per cent) 
(41 per cent) 6 (22 per cent) 
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on the lateral masses which correspond to the apophyseal joints at lower levels. 


The most severe apophyseal joint changes were noted between the second and 
third vertebra. Gross changes in these joints elsewhere in the cervical spine 
were found to be evenly distributed. In contrast to this it should be noted that 
at the fifth and sixth levels there was an increased incidence of degenerative 
changes in the dises and in the joints of Luschka as well as a higher incidence 
of dise protrusions and of osteophytoses on the bodies (Table V). 
Degeneration was most pronounced at the periphery of the joint where 
spurs on the superior facet partially enclosed and encircled the inferior facet, 
making separation of the joint surfaces difficult. The osteophytosis, even in the 
most severe cases, was located so far posterior to the intervertebral foramen 
that no narrowing of the foramen or contact with the root could be demonstrated 


EXAMINATION OF CERVICAL SPINES CLEARED OF SOFT TISSUES 


In twenty-seven specimens, all of the soft tissue was removed by heating 
in an alkaline solution and the fat was removed from the dried bones by immer- 
sion in ether following which the vertebrae were articulated and studied. The 
superior and inferior surfaces of each body were examined for irregularities and 
roughening, as well as for the presence of osteophytes. Particular attention was 
directed to joints ol Lusechka, as well as to the apophyseal joints and to the 
vertebral vessel foramina in the transverse processes. 

Degeneration of the inferior surface o; a body was always matched by a 
degeneration of similar magnitude of the superior surface of the body below. 
The distribution of changes recorded from the examination of the cleaned bone 
closely correlates with the degenerative findings seen in the intervening disc 
(Table VI). One hundred and thirty-five paired vertebrae were examined for 
degeneration of their contiguous dise surfaces, and it was possible to compare 
these observations with the changes in the intervening dise fibrocartilage pre- 
viously noted. In 100 joints (74 per cent), a correlation existed between disc 
degeneration and bone degeneration on the surface of the body in contact with 
the dise. In twenty-seven (20 per cent) of the joints studied, bone changes 
were seen without dise degeneration, while in eight (6 per cent), changes were 
seen in the dise without bone changes 

Each vertebral body was examined for osteophytes projecting posteriorly 
into the spinal cord which might significantly narrow the anteroposterior 
diameter of the canal. The average anteroposterior diameter of the spinal canal 
at the level of the fifth cervical vertebra was found to be 1.4 centimeters, while 
the diameter of the spinal cord at this level was 0.8 centimeter. Only those spines 
which presented a projection of more than two millimeters were recorded and 
nine such spines were found. In five of the nine, the projection was in the fifth 
and sixth cervical vertebrae 

Roughening and enlargement of the lateral joints of Lusehka and changes 
in the intervertebral body surfaces were observed to occur coincidentally 
Twenty-two (82 per cent) ol the specimens showed such changes in the fifth 
cervical vertebra. Nineteen of these had changes both in the lateral joints 
and in the surface of the intervertebral body 

An interesting observation was the broadening of these lateral joint surfaces 
in a lateral direetion by osteophytie reactive bone formation. The resulting 
hone projections partially occluded the adjacent vertebral vessel foramen in the 
transverse process. This encroachment always resulted from changes on the 
inferior recessed surface of the superior body and not from the projecting uneinate 
process on the vertebra below. Normally, the plane of the Lusehka joint is 
perpendicular, but as changes develop it becomes oblique and occasionally hori- 
zontal. It is this change of plane and the broadening of the joint which causes 
the lateral extension of the joint margin to the base of the transverse process 
and to the vertebral foramen. This was observed bilaterally in twenty verte- 
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brae, and in five instances the osteophytes were large and appreciably occluded 
the canal. This phenomenon was noted most often in the fifth cervical vertebra. 


CORRELATION BETWEEN ROENTGENOGRAPHIC AND ANATOMICAL FINDINGS 

In forty-one specimens with roentgenograms in the anteroposterior, lateral, 
and oblique projection which were later dissected, a correlation between the 
roentgenographiec and anatomical manifestations of dise degeneration was found 
in 67 per cent. Narrowing of the intervertebral space was the most common 
roentgenographic finding. Even minor narrowing of the interspace was shown 
to be indicative of dise degeneration. In the presence of marked narrowing of 
the intervertebral space, the bodies of the adjacent vertebrae were frequently 
seen to be decreased in height. It was unusual to find other abnormal roent- 
genographic findings in the absence of a degenerated disc. Anterior lipping of 
the body was also a common finding, being present in 25 per cent of the vertebrae 
examined. A concavity on the surface of the spur contiguous to the interspace 
frequently revealed anterior dise protrusion. Posterior spurs were most easily 
seen in the oblique roentgenograms. Always associated with a narrow dise 
space, they were present roentgenographically in sixteen of the twenty-eight 
vertebrae on which large posterior osteophytes were found on dissection. As 
expected, most of these occurred between the fifth and seventh cervical vertebrae 
and the majority of these spurs arose from the area of the lateral joints which 
also showed degenerative changes. 

The incidence of roentgenographic changes in the lateral joints was also 
correlated with the incidence of the changes found by dissection. Sixty-four inter- 
spaces showed changes on dissection and fifty-three of these showed roentgeno- 
graphie changes (83 per cent). Roentgenographic examination of the apophyseal 
joints is difficult but changes were best seen in the lateral view. There was a 
poor correlation between the changes seen roentgenographically and the results 
from dissection of the apophyseal joints. In only twelve of the thirty-seven 
joints with anatomical changes were the changes diagnosed by roentgenograms 
(32 per cent). 


COMMENT 

The fifth and sixth cervieal dises are subjected apparently to forces which 
result in more degeneration and loss of dise substance than the other dise spaces 
in the cervical column. Dise protrusions accompanied by varying amounts of 
reactive bone formation were observed but no frank herniations of a dise were 
encountered in this age group (average age, sixty-eight years). Degenerative 
changes occur in the majority of individuals reaching the sixth decade. While 
cervieal pain and brachialgia are not uncommon in this age period, the incidence 
of these symptoms certainly does not correspond to the high incidence of patho- 
logical changes demonstrated by roentgenograms or gross examination of the 
eervieal column 

An intervertebral space which is profoundly involved shows a characteristic 
pattern of pathological changes which involve the entire dise space. Prominent 
in this pattern are circumferential reactive bone changes at the margins of the 
bodies which abut on the involved dise space. These changes also involve the 
area of Luschka’s joints laterally. In contrast to this the apophyseal joints fre- 
quently eseape involvement. As a matter of fact a frequent observation in this 
study was that severe degeneration of the apophyseal joint occurred in the 


presence of a normal dise space. This would indieate that an independent 
mechanism is at work here 

In this study, particular attention was focused on the spatial relationships 
of dise alteration and consequent reactive bone formation to the nerve roots 
and the spinal cord. Particular emphasis is placed on the importance of the 
bone changes in the joints of Lusechka due to this frequent occurrence and their 
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location close to the emerging nerve roots. Spur formation here beneath the 
nerve root just as the nerve enters the intervertebral foramen would seem to be 


an important mechanism in the production of radiating pain. The projecting 
osteophytes from the posterior surface of the body observed in these specimens 
were frequently large enough to groove the overlying dura mater and cord. 
After removal of the cord from the spinal canal, the level of each intervertebral 
dise often remained imprinted on the cord and could be clearly identified. These 
posterior spurs would also appear to be key factors in the production of symptoms. 


Reactive bone changes on the lateral margins of the inferior surfaces of the 
vertebral bodies in the region of the Luschka joints were observed, when exten- 
sive, to encroach upon the foramina for the vertebral vessels. The possibility 
of reduced blood flow or arterial spasm in the vertebral artery as a result of 
these bone changes should be considered. This merits further investigation. 
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Severe Compression Injuries of the Hand 
in Industry 


AMPUTATION Versus REHABILITATION * 


BY MICHAEL L. LEWIN, M.D., NEW YORK, N. Y. 


The term compression injury is applied to a variety of industrial injuries of 
the hand caused by power presses, rotating cylinders, and similar machines. These 
injuries are characterized by severe tissue damage both in area and in depth. 
Similar injuries can be found in the literature under such names as wringer in- 
juries, deep burns, and many others ': *. Such trauma combines the effect of thermal 
burns with that of severe compression. The latter alone has a severely destruc- 
tive necrotizing effect. It also compounds and intensifies the effect of the heat. 
Some of the injuries may include the elements of avulsive and crushing trauma. 

In the many instances the patient is advised to have the extremity ampu- 
tated (Fig.l). Rehabilitation of these injured hands often is undertaken in spite 
of the skepticism of the referring surgeon. The following report reviews a group 
of about twenty-five patients with compression injuries so treated in the past few 
years 








Fig. 1 


Passive policy of “waiting until the hand is ready for skin-grafting.” Three 
ind a half months after injury, necrotic tissue supports massive purulent 
drainage which contributes to devitalization of the exposed structures. The 
wound is indolent and shows no tendency to granulate or epithelize. Drilling 
holes in the denuded bones at this stage introduces infection into the 
marrow. This hand was amputated Note that the thumb and volar surface 
of the hand, except for fingers, are intact. 


While a few of the hands were seen immediately after the injury, the majority 
of the patients were referred to me after a prolonged delay, varying from a few 
weeks to several months. The reason for this delay was that as long as the wound 
was covered by an eschar, the extent and severity of the injury was not apparent; 
it was looked upon as a conventional burn and the treatment was “waiting until 
the wound becomes ready for the skin-grafting.” Normally, eschar begins sepa- 
rating in the third week but massive eschars, involving avascular tissues, separate 
slowly; frequently they are still adherent two months after the injury. By that 
time a severe infection may be established beneath the eschar, devitalizing the 
surrounding tissue which may have escaped destruction. 

The common characteristic of all these compression injuries was massive 

* Read at the Annual Meeting of the American Society for Surgery of the Hand, New 
York, N. Y., January 31, 1958. 
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Fia. 2-A 


Figs. 2-A through 2-I: Typical case of compression burn of the dorsum of 
the hand. 
Fig. 2-A: Excision of eschar three weeks after injury. 


Result of primary débridement. 


necrosis of the soft tissues. The bone, if it escaped fracture and comminution, 
proved itself quite resistant to compression and heat. Its damage was usually 
limited to devitalization of the cortical layer, which was caused not necessarily 
by trauma, but by prolonged exposure and impaired blood supply. The injury to 
the joints was due primarily to necrosis of the periarticular structures, exposure 
of the joint cavities, and secondary destruction of the cartilaginous joint surfaces. 

The phalangeal joints were most frequently involved in these injuries, and 
ankylosis of these joints was the most consistent final disability. The metacar- 
pophalangeal and the wrist joints, being better protected, often escaped injury. The 
surface involvement varied greatly. In a number of patients the main damage was 
localized to the fingers and the distal part of the hand; in others, the injury 
extended to the elbow. In many instances, lacerations or superficial burns were 
present adjacent to the main area of injury. 

Fortunately, over 80 per cent of the injuries involved the dorsal surface. 
Since the essential neurovascular supply of the hand is located on the volar 
surface, there are potentialities for restoration even after the most destructive dor- 
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sal injuries. By protecting the surviving structures, by keeping them in functional 
alignment, and by substitution of skin and tendons, it was possible to restore 
serviceable function. In similar injuries on the volar side circulatory impairment, 
damage to the important nerves, and destruction of the crowded palmar com- 
partment were likely to result in a painful, frozen, anaesthetic hand. 

In most of the dorsal injuries the thumb escaped the brunt of the trauma. 
It always merited special attention, and in some instances the entire rehabilitation 
program was planned around the functional unit of a thumb and one finger. 

REHABILITATIVE PROGRAM 

The rehabilitative program may be divided into the following consecutive 
phases, though they frequently overlap each other: débridement, temporary re- 
surfacing and control of infection, definitive resurfacing, functional alignment, 
mobilization, and kinetie replacement. 
Débridement and Temporary Resurfacing 


In most cases the time of débridement was governed by how soon after injury 


\fter first skin-grafting 





Note functional position of hand. Some metacarpals, phalanges, and a 
fragment of the ulna are still exposed and are treated by drilling and 
decortication before the temporary resurfacing is completed 
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Resurfacing with an abdominal flap. 





"= 
Fia. 2-G 

1, Diagram of resurfacing of fingers with single flap: A,, fusion of fingers 
on volar surface and application of dorsal flap, mitten fashion: B, alternate 
rocedure of lining the undersurface of the flap with skin grafts; C, se para- 
tion of fingers and reconstruction of web. 
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the patient was seen and was performed much later than was desirable. When a 
firm eschar was present débridement was performed preferably during the second 
week '. This delay facilitated the differentiation between viable and devitalized 
tissue and reduced the inflammatory reaction. When adequate débridement could 
be performed and the wound was free of necrotic material and infection, definitive 
resurfacing with a flap was performed either immediately or after a few days’ 
delay *. However, in the majority of cases débridement was incomplete because it 
was not possible to eradicate all the necrotic foei without causing additional in- 
jury. In such cases the immediate aim was to obtain a temporary epithelial 
cover as rapidly as possible, thus minimizing the secondary damage by infection 
and exposure (Figs. 2-A through 2-D) 

Split grafts could always be obtained in unlimited quantity without causing 
any serious disability. They were used at the time of the first débridement but 
adhered only wherever a vascular base was present. If purulent infection was 
present underneath the eschar, the skin-grafting was delayed a few days and the 
wound prepared with wet dressing. The grafts did not interfere with adequate 


Fic. 2-H 
Figs. 2-H and 2-I: Final result after separation of fingers and after multipl 
tendon grafts from foot to substitute for extensors. 
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drainage and usually reduced the wound to a fraction of its original size. Addi- 
tional débridements were carried out either as separate procedures or during the 
dressings, and as soon as areas of granulation appeared they were immediately 
covered with split grafts. (It was routine practice to refrigerate the excess of skin 
grafts after each operation, so that they were available when needed). Thus, in a 
few weeks after the initiation of treatment, the entire wound consisted of islands 


of denuded bone and exposed joints 
The phalangeal joints usually were promptly obliterated. However, the larger 


Fia. 3-A 
Figs. 3-A and 3-B: Example of primary resurfacing with a flap. Lacerations 
on palmar surface were repaired on admission 
Fig. 3-A: Excision of eschar ten days after injury. Dorsal aponeurosis is 
destroyed and phalangeal joints exposed. 


Primary flap on dorsum of hand. Fingers were separated in subsequent 
stages. 
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Figs 4-A through 4-E: The hazards of primary resurfacing. 
Fig. 4-A: Débridement and flap-resurfacing was performed thirty days 
after injury. 
joints (the metacarpophalangeal or particularly the radiocarpal articulation) 
formed deep pockets from which necrosis and infection had to be eradicated be- 
fore the cavities filled in with granulation tissue. To accomplish this these pock- 
ets were lightly packed and the extremity was splinted in plaster, maintaining 
the functional position. At this stage the drainage was slight and the dressings 
were changed at infrequent intervals. It required more than one month for these 
joints to become obliterated. Subsequently a firm, painless, fibrous ankylosis 
formed. 
The exposed bone was treated by drilling multiple holes through the cortex, 

thus allowing buds of granulation to sprout from the marrow. Such drilling was 
usually delayed until the surrounding areas were epithelized and the wound was 


Fia. 4-B 


Purulent arthritis of metacarpophalangeal joints of index and long fingers; 
osteomyelitis of the latter resulted in abscess formation and partial loss of 
flap. The long finger was sacrificed but its skin utilized to supplement the 
flap. Note adduction contracture of thumb. 
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Fia. 
Destruction and ankylosis of index meta irpoph ilangea 
of middle phalanx of ring finger corrected by osteotomy 


| joint. Angulation 


free from drainage. Additional holes were drilled if necessary, or the cortical bone 
between the islands of granulation was removed with rongeurs. Wet dressings were 
helpful in stimulating the granulation in preparation for the split grafts whieh 
would complete the temporary resurfacing 

Spontaneous sequestration of the exposed cortical bone could last several 
months Decorticating the bone more rapidly by using an osteotome or power 
saw was tried but abandoned because these instruments caused too much addition- 
al trauma. Because of its superficial position, the distal part of the ulna was fre- 
quently exposed and subluxated. It was usually resected since its blood supply 
Was poor and it was not essential for satisfactory function 

The preceding treatment did not require continuous hospitalization. Many of 
the dressings and minor procedures could be earried out in the office, with short 
readmissions to the hospital when needed 


Definitive Re surfacing 


Practically all these cases required resurfacing with a flap with a substantial 
subcutaneous pad in order to supply a stable tegumental cover, to allow revascular- 
zation of the damaged bone. to make possible an operative approach to deep 
structures at a later date, and to fill in the contoural defect. 

Primary application of a flap to an open wound carries the advantage of a 


tremendous saving in time, hospitalization, and number of operative procedures 
It may be compared with delayed closure of a wound, and it is safe as long as the 


wound is free of infection and necrotic material, and the surrounding skin is intaet 
(Figs. 3-A and 3-B). A hazard of primary flaps is the possibility that a focus 
of infection centered around some devitalized tissue, often within a joint cavity, 
tinay be overlooked; this leads to osteomyelitis nnd abseess formation underneath 
the flap (Pigs. 4-A through 4-E) 

Tr the Hiajority ol the cases flap-resurfacing followed the Lemnporary one ol 
split-grafting. The split grafts were excised or scraped from the bone to which 
they adhered. All flaps used in this group (except one) were direct abdominal 
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flaps, undelayed, up to twelve inches in length and five inches in width (Figs. 2-E 
and 2-F). The broad pedicle, corresponding to the length of the flap, assured 
the blood supply. To avoid any open wound, skin grafts were applied to the donor 
surface on the abdomen as well as the undersurface of the pedicle. A tubed thora- 
co-epigastric flap was used in one case (Figs. 5-A through 5-E) but it required 
several stages of preparation and transfer. Untubed flaps could be handled more 
simply and faster, with greater economy of tissue and fewer operative stages. 


Fic. 4-D 
Figs. 4-D and 4-E: Final result. Adduction contracture corrected with 
split graft. 


Fia. 4-E 


In order to utilize a single flap for the hand and the fingers the technique 
cle }) cted on the diagram (Fig. 2-G) was utilized. When skin was present on the 


luteral surface of the adjacent fingers it was dissected, forming narrow flaps which 
were reflected volarward and sutured together, fusing the digits. In this manne! 
i continuous raw surface Wis obtained to serve us a bed for a single abdominal 
flap When the lateral surfaces of the fingers were destroy: d, this procedure could 
not be used. The abdominal flap was then placed over the fingers, which were held 
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Fia. 5-A 
Compression burn of dorsal surface similar to that of Fig. 2-A three 
months after initiation of treatment. Wrist joint and metacarpophalangeal 
joints of long, ring, and little fingers are obliterated with granulations. Skin- 
grafting was done on the wound except for denuded metacarpals, phalanges, 
and distal portion of the ulna. Drill holes and islands of granulation are 
ipparent in exposed bone. 


in abduction, and small stents with skin grafts were inserted between the fingers, 
in contact with the undersurface of the flap. This technique was much less effec- 
tive and did not prevent some shrinking of the abdominal flap. The defatting of 
the flap over the fingers was performed in subsequent operations when the fingers 
were separated and the webs reconstructed. No matter how generous the abdom- 
inal flaps were, additional free skin grafts were needed at this stage. 


Functional Realignment 


Careful splinting in a functional position was maintained throughout the 
entire treatment. The injured joints were immobilized in the desired position, so 
that by the time the resurfacing was completed there was present either an osseous 


Fia. 
Thoraco-epigastric skin tube to be transferred, in stages, to hand and 
forearm. The fifth ray was ablated and distal end of the ulna excised. 
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Fia. 5-C 


Diagram showing tendon transfer to activate thumb-index unit. Palmaris 
longus and two sublimis flexors are substituted for extensors and abductor 
longus. 


or a firm fibrous ankylosis. However, in many instances digital fragments were 
originally so distorted that it was necessary to improve their alignment. After the 
flap was in place and the severe osteoporosis improved, the necessary osteotomy or 
arthrodesis could be carried out in conjunction with the revision of the flaps. The 
immobilization of fragments was obtained by transosseous pin fixation. 

In order to maintain maximum mobility of the thumb, special attention was 
paid to the first interdigital space. Adduction contracture of the thumb was 
frequently present. It was not only of cutaneous origin but combined with myo- 
genic contracture of the fibrosed adductors. The correction of these contractures 
called for excision of the sear tissue and fibrosed muscle and skin substitution. 
In the majority of cases a full thickness or split graft was adequate in this loca- 
tion and preferable to the more involved application of a flap (Figs. 2-H and 
4-D). 


Mobilization 


As soon as feasible, passive and active exercises were started to limber the 
preserved joints and to strengthen the remaining musculature. Dynamic splinting 
of various kinds was substituted for the statie splinting employed during the 
acute phase. Capsulectomy of metacarpophalangeal joints was often performed to 
increase the range of flexion. This too was sometimes combined with the division 
or defatting of the flap on the fingers. At this stage the patient was encouraged 
to continue his exercises at home, to use his hand as much as possible, and to 
return to work. 


Kinetic Re place ment 


A period of two to six months was allowed to elapse before kinetic replace- 
ment was considered. It consisted of replacement of the missing extensor tendons 
of the wrist and fingers and occasionally in improvement of opposition in injuries 
of the thenar area. Free tendon grafts were used to replace the missing extensor 
tendons, including the abductor of the thumb. When no tendon stumps were left 
in the forearm, the proximal insertion of the tendon grafts was made by weaving 
them into the muscle mass (Figs. 2-A and 2-I). When the entire dorsal musculature 
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on the forearm was destroyed, tendon transfers were used from the volar side 
(Figs. 5-C through 5-E). 


Fia. 5-D 


Final result. 


Fic. 5-E 
Final result 


INJURIES OF THE PALMAR AND VOLAR SURFACES 


While the foregoing discussion refers primarily to dorsal injuries, the same 


principles apply to volar injuries. However, palmar and volar injuries have had a 
poor rehabilitative prognosis. Digital anaesthesia, with or without circulatory 
impairment of finger tips, is always an indication that there is an extensive in- 
volvement in depth and that it has penetrated the plane of tendons and neuro- 
vascular bundles (Figs. 6-A and 6-B). I had thought that nerves known to be 
resistant to infection might eventually show some signs of recovery. Effective and 


early débridement in this location was not performed, since it would be Impossible 
to protect the neurovascular bundles within the necrotie mass. Thus, it took sev- 
eral weeks before even temporary resurfacing could be accomplished. 
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In none of the cases did the anaesthesia, once established, show any signs of 
subsequent improvement. Possibly the surrounding ischaemic sears strangulating 
the nerves prevented any potential recovery and contributed to the final degenera- 
tion. Such a mechanism was suggested in one patient where the avulsive type of 
injury permitted the inspection of the nerves of the forearm immediately after 


the injury. In spite of anaesthesia of the fingers, the nerves were not disrupted and 
were of normal appearance. When the amputated forearm was dissected several 
months later, both nerves were reduced to thin fibrous bands (Figs. 7-A through 
7-C). 

In cases of massive necrosis of the palm with destruction of flexor tendons, 
a less ambitious rehabilitative program focused on the most salvageable part of 


ae 5 


Fic. 6-A 
Figs. 6-A and 6-B: Compression burn of the palm. 
Fig. 6-A: Discoloration and anaesthesia of all digits. 


Fic. 6-B 


Flap was used after prolonged treatment. Replacement of tendons are not 
indicated in completely anaesthetic hand. The absence of sensory and 
kinetic function makes rehabilitative prognosis poor. 
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Fic. 7-A 
Compression injury of forearm and palm with avulsion and multiple 
fractures. Neither volar tendons nor major nerves are severed. 


Fic. 7-B 


Result of temporary resurfacing. Hand is frozen, anaesthetic, and painful 
(probably due to vascular insufficiency). 


the hand was the more realistic approach. In one patient the maximum rehabilita- 
tion was accomplished in two simple procedures, taking advantage of the intact 
thumb (Figs. 8-A and 8-B). Nothing would have been gained by trying to pre- 
serve the full length of the fingers nor in resurfacing with an abdominal flap; 
the fingers would have remained anaesthetic, frozen, and probably painful. The 
free grafts on the palm and on the fingers were quite adequate to permit limited 
use of the hand. The flaps of the dorsal skin wrapped around the tips of the 
stumps provided better padding and sensation. 


SUMMARY 


Industrial hand injuries consisting of massive necrosis of soft tissue with 
exposure of the bones and joints are among the most severe encountered in civilian 


practice. Salvaging and rehabilitating these extremities requires aggressive, pur- 
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poseful treatment. It is aimed at preserving all salvageable structures, maintaining 
functional position, and restoring as much motion as possible by mobilization of 


joints and tendon substitution. 
These cases differed so much in area and depth of involvement and in asso 
ciated damage that comparative evaluation and statistical analysis is of little 


(mputation specimen. All tendons are encased in scar. Note thinness of 
ulnar and particularly of median nerve in the distal part of the forearm 
Nerve fibrils were replaced by fibrous tissue. 


Figs. 8-A and 8-B: Compression burn of palm, fingers, and dorsum of 
hand, similar to that of Fig. 6, except for intact thumb which has normal 
sensation and musculature. Final result after two operations: débridement 
with partial amputation of fingers, followed by skin-grafting. Secondary 
skin-grafting was done at base of palm and across first digital web to restore 
maximum abduction and mobility of thumb, combined with angulation 
osteotomy of distal phalanx of index finger. Note flaps of dorsal skin covering 
tips of finger stumps. 
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value. However, observing these patients several years later, there could be no 
doubt that the rehabilitative effort was thoroughly justified. 

The permanent disability in dorsal injuries consisted of limitation of function 
of the joint and reduced strength. A serviceable grasp and pinch mechanism was 
established in all cases 

Palmar and volar injuries have a poorer rehabilitative prognosis. Struc- 
tural restoration of the hand is of little value unless there will be serviceable sen- 
sation and function. Damage to the neurovascular supply was responsible for the 


only amputation performed in this group. 
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DISCUSSION 


Dr. Hans May, PHILADELPHIA, PENNSYLVANIA: This is a wonderful demonstration of the 
reconstruction of severe crushing injuries of the hand. Dr. Lewin, however, states that in 
transplanting one single dorsal flap to the fingers, the fingers tend to contract in adduction. I 
have found it quite helpful in these cases to use two types of flap, one to cover the dorsal 
surface of the hand and a pocket flap to close the dorsum of the fingers. These flaps keep the 
fingers abducted. 


Dr. J. E>owarp Fiynn, Boston, Massacuusetts. I have a question to ask Dr. Lewin. How 
would you treat extensive avulsion wounds over the volar and dorsal aspects of the hand 


when skin, subcutaneous fat, and fascia have been completely avulsed? 


Dr. Jon L. Bett, Cuicaco, ILttinors: As Dr. Lewin pointed out, it is not always possibl 
to perform a complete primary excision of devitalized tissue in the severe compression injury of 
the hand in which the tissues are concomitantly burned. The excision may have to be per- 
formed in several stages because of the inherent difficulty in determining accurately the depth 
of the burned tissue. We have not performed multiple drilling of the cortex of exposed bone 
in order to prepare this surface for skin coverage. Usually when we encountered burned bone we 
removed the devitalized bone by means of a small chisel. As Dr. Lewin emphasized, bone 


should be covered as early as possible 


Dr. Lewin (closing): Dr. May suggested the use of pocket flaps to keep the fingers 
in abduction. Personally I do not like pocket flaps; they are difficult to handle during the 
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postoperative period. When one side of the hand is covered with skin and lies against the raw 
donor area there is a great deal of maceration which can result in infection. This may be 
avoided by gluing a skin graft with rubber cement against the side of the hand in contact with 
the donor area. In general, I would prefer open flaps. However, Dr. May’s suggestion may 
be practical In some instances 

Regarding Dr. Bell’s comments on débridement of bone, I have abandoned the use of 
osteotomes to decorticate small bones like metacarpals and phalanges. It requires considerable 
force to remove the hard bone and when a large surface is denuded, the entire bone tends to 
separate from its bed 

Dr. Flynn asked about avulsion injury on both sides of the hand. I am treating a patient 
with a similar injury at the present time. The skin is avulsed from the dorsal and palmar surface 
up to the wrist. The only remaining island of skin on the hand is over the proximal and distal 
phalanges of the thumb. The injured hand was debrided a few days ago and most of the fingers 
had to be amputated. Since the palmar surface is more important, it is desirable to get flap 
coverage for it. My plan is to place the hand in a pocket in the laterodorsal region so that the 
palm lies against the skin flap. The dorsal surface can be resurfaced later with split-skin grafts. 


- 


Experiences with a Finger-Joint Prosthesis* 


BY COLONEL EARL W. BRANNON, Medical Corps, United States Air Force 
AND GEROLD KLEIN, M.D., WIESBADEN, GERMANY 


From the Department of Orthopaedic Surgery, Lackland Air Force Hostal, 
San Antonio, Texas 


Reconstruction of stiff and painful finger joints presents difficult problems, 
and a completely satisfactory surgical solution is still wanting. Severe injuries 
involving the metacarpophalangeal and interphalangeal joints often result in 
complete destruction of the joint with residual deformity and pain. Function- 
ally, these fingers may be useless and frequently amputation is the only recourse. 

Numerous surgical procedures have been performed in attempting to correct 
this condition. However, the results of capsulectomy, arthroplasty, and arthro- 
desis are not always spectacular and may leave much to be desired. Capsulotomy ., 
with excision of the collateral ligaments, may give satisfactory results when there 
is no intra-articular involvement; more favorable results may be expected in the 
metacarpophalangeal joints than in the interphalangeal joints. In cases with Joint 
damage, Bunnell emphasized that the results of arthroplasty are best in the meta- 
carpophalangeal joints and less satisfactory in the interphalangeal joints because 
of the problem of lateral instability. He favored arthrodesis of the proximal inter- 
phalangeal joint in moderate flexion 

Such arthroplastic procedures as the placing of a metal cap * in the inter- 
phalangeal joint or resection of the distal portion of the proximal phalanx may 
produce a satisfactory range of motion; however, there remains the problem of 
insufficient lateral control. Graham described the replacement of faulty articula- 
tions with half-joint transplants and whole-joint transplants. He felt that joint 
transplantations to the hand could be suecessful because the bones are small and 
may be adequately nourished, thus avoiding necrosis. However, there is still the 


* Read at the Annual Meeting of the American Society for Surgery of the Hand, New 
York, N. Y., February 1, 1958 
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Metal hinge-joint finger prosthesis, disassembled, with its component parts. 
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insertion of the prosthe Sis. 


Instruments especially made to facilitate the 
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Photograph of titanium prosthesis after insertion in proximal interphalangeal joint 
of long finger. Note staples in both phalanges 


possibility of absorption of the transplanted articular surfaces which would result 
in angulation and dislocation. 

The purpose of this report is to describe a method of replacing the proxi- 
mal interphalangeal and metacarpophalangeal joints of the index, long, and ring 
fingers. The results obtained by this method have been encouraging although not 
entirely satisfactory. By using this procedure it has been possible to avoid ar- 
throdesis of the involved joints or amputation of a stiff but otherwise normal finger. 
Digital injuries, severe enough to require replacement, are common in military per- 
sonnel. The development of this prosthesis represents an effort to find a more satis- 
factory solution in taking care of this common problem. To date our experience 
with this device has been limited to fourteen patients treated during a period of 
thirty-nine months. 


THE PROSTHESIS 


The prosthesis is a replica of the normal joint and replaces the entire joint. 
It was initially constructed for us of stainless steel, by a German surgical instru- 
ment company, from our wooden model and sketches. Since submitting the original 
design, several modifications and improvements have been made in conjunction 
with an American manufacturing concern. 

The device is now fabricated of titanium. It consists of two parts joined by a 
simple hinge-joint which is locked by a half-threaded rivet screw, and each part 
has an intramedullary stem for insertion into the bones of the finger (Fig. 1). The 
intramedullary stem is triangular in shape and designed to prevent rotation of 
the finger after insertion. The hinge-joint portion is finely beveled to prevent catch- 
ing or irritation of soft tissue during movement through an are of 100 degrees. A re- 
cent addition is the placement of a staple through each hub and stem portion to 
prevent sinking of the prosthesis into the phalanx after bone resorption occurs. 

A standard-size prosthesis was developed for use in the proximal interphalan- 
geal joint of the finger. This size and shape was determined after studies on ca- 
davera and measurements of the average adult-hand bones. The dimensions are: 
over-all length, fifty millimeters; length of proximal medullary stem, twenty-two 
millimeters; length of distal medullary stem, sixteen millimeters; length of hub 
(including hinge-joint), twelve millimeters; width of hub, eight millimeters; and 
depth of hub, three to four millimeters. However, for individual selection a larger 
or small size can be constructed. A larger but similar prosthesis can be employed 
to replace a metacarpophalangeal joint. 


Special instruments were constructed to facilitate the insertion of the device 


VOL. 41-A, NO. 1, JANUARY 1959 





W. BRANNON AND GEROLD KLEIN 


Fic. 4-A 
Case 9. Roentgenograms showing disruption of proximal inter- 
phalangeal joint secondary to old fracture-dislocation 


(Fig. 2). These include phalangeal retractors, phalangeal bone holders, intramed- 


ullary reamers, chisels, screwdrivers, a prosthesis impactor, and a swaging instru- 


ment to lock the rivet serew, all of which have proved useful. 
INDICATIONS 


The prosthesis was designed to replace an irreparably damaged proximal 
interphalangeal joint whereby the finger had been rendered stiff and useless (Fig. 
3). Usually, there is residual deformity with the finger ankylosed in malposition. 
The time interval between injury and operation should not influence the result 


THE JOURNAL OF BONE AND JOINT SURGERY 





FINGER-JOINT PROSTHESIS 


———— 


~~ 


ea 


Roentgenograms of index finger eight months after insertion of prosthe- 
sis. Note degree of active motion. 


so long as the tendons and digital nerves are intact. An artificial joint will not re- 
store function if the soft-tissue structures have been extensively damaged. 

All our cases were the result of trauma, but the same type of replacement 
would apply to a diseased joint as long as the condition of the soft tissue permits. 
The procedure would be contra-indicated in the presence of any active inflam- 
matory process—rheumatic or pyogenic in origin. In cases of hypertrophic arthritis 
the result should be favorable. 

The procedure may be applied to the reconstruction of a damaged or dis- 
eased metacarpophalangeal joint, as illustrated in two of our patients (Cases 1 
and 12). In all cases reported here, the prosthesis was used in place of either 
amputation or arthrodesis and was considered a form of salvage. 


TECHNIQUE 


The surgical technique to be described applies to the procedure involving 
the proximal interphalangeal joint; for replacement of other finger joints, the same 
principles apply. 

Operation is performed with the patient under general anaesthesia and with an 
arm tourniquet. A straight, longitudinal, lateral incision is made over the joint *. 
The extensor mechanism is carefully defined, mobilized by incising the fascia longi- 
tudinally, and retracted to the opposite side. Any excess cicatrix is excised. The 
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Fic. 4-C 
Photographs of index finger showing degree of active motion eight months after opera- 


tion 


Fic. 4-D 
Roentgenograms of finger twenty-one months after surgery. Note range of motion 
ind resorption in proximal phalanx. 


joint is exposed by incision of the capsule laterally, and the collateral ligaments 
are excised. 
The entire joint is resected with a bone cutter or a small Gigli saw, leaving 


a space of approximately one centimeter between the bone ends. The middle 
phalanx is then held with the phalangeal bone-holder while the medullary canal 
is prepared with a reamer. The medullary canal in the proximal portion of the bone 
is not round, but oblong in shape. This also applies to the distal portion of the 
proximal phalanx. In this area, the canal is prepared with the small chisel, so that 
the triangular shaped stem of the prosthesis may be fitted snugly. 

Each half of the prosthesis is inserted separately. The distal half of the pros- 
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Fia. 4-E 


Photograph of finger showing active flexion twenty-one months 
alter operation. 


thesis is tapped into place with the impactor until the intramedullary stem is 
well seated in the middle phalanx. The hub of the prosthesis should be flush with 
the bone stump. The proximal half of the device is inserted into the proximal 
phalanx in the same manner. A metal staple is then inserted through drill holes 
in the hinge portion and intramedullary stem of each half of the device. The site 
for the drill hole in the phalanx is determined by measuring with the staple itself. 
One prong of the staple is placed in the hole through the hub of the prosthesis 
and the bone is marked by placing the other prong on the mid-lateral surface of 
the phalanx. A hole is then drilled with a fine Kirschner wire until the drill pene- 
trates the bone and enters the prepared hole in the medullary stem. After each 
staple is tapped into place, the prongs are bent, using sharp-nosed pliers, to lie 
flush with the bone surface, thus firmly anchoring the prosthesis to the phalanx. 
When the two halves of the prosthesis are joined at the hinge-joint the finger 
should be straight, and there should be no abnormal rotation. Furthermore, there 
should not be appreciable shortening of the finger. The two parts of the hinge- 
joint are locked together with the small half-threaded rivet screw. The end of the 
screw is flattened and spread with a swaging tool which fits over the screw and 
turns down on the rivet end (Fig. 2). The device is tested for stability in exten- 
sion and flexion and should glide easily from full extension to full flexion. 
The wound is irrigated with saline solution and closed. The capsule is closed 
with fine catgut sutures and the extensor mechanism is replaced. The skin edges 
are approximated with everting sutures of fine silk, and the finger is immobilized 
in a position of extension until the wound is healed, usually ten to twelve days. 
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Case 3. Roentgenogram showing ankylosis of proximal interphalangeal joint of the 
ing hnger 


Elastic traction then may be applied to the involved finger until all reaction has 
subsided. Early active graduated exercises are performed until maximum function 


is attained. Occupational education is a helpful adjunct 


No passive or forcible 
manipulation is permitted 


REPORT OF CASES 


All patients in this series were in the younger military age group and all 





Figs. 5-B and 5-C: Roentgenograms thirty-nine months after prosthesis. Note degree 
of resorption of bone and sinking of device. 
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Fic. 5-C 





Photograph of finger showing boutonniere deformity thirty-nine 
months after operation 
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Fic. 6 
Case 6. Roentgenogram of finger twenty-eight months after operation. Note sinking-in 
effect. Patient had stiffness but no pain 


had irreparable joint defects of the finger secondary to trauma. They were referred 
to us for either arthrodesis or amputation. The time interval between injury and 
replacement arthroplasty varied from three months to two years. Of the fourteen 
patients on whom operation was performed, in two the metacarpophalangeal joint 
was replaced and in the rest, the proximal interphalangeal joint (Table I). Half 
of the patients had involvement of the second proximal interphalangeal joint. All 
had a residual fixed-extension deformity and there was roentgenographic evidence 
of joint disruption from an old fracture-dislocation. Three patients (Cases 2, 6, 
and 13) had concomitant injuries to the extensor tendon which required surgical 
repair, either at the time of prosthetic replacement or later. 
RESULTS 

The over-all results as revealed in Table I have been encouraging. Two of 
the fourteen case reports must be discounted because of insufficient follow-up 
period (Cases 5 and 14). The remaining twelve had follow-ups ranging from ten 
to thirty-nine months. Most of these patients retained a functional range of pain- 
less motion at the replaced joint. Case 1 and Case 9 (Figs. 4-A through 4-E) 
are representative. In addition, existing deformities were corrected obtaining a 
more normal appearing hand. The problem of lateral instability with the finger 
extended was not significant. In general, stability of the part was satisfactory ex- 
cept for two patients (Cases 7 and 8) who exhibited slight ulnar angulation due 
to migration of the stem of the prosthesis in the proximal phalanx. However, this 
did not interfere with function to any appreciable degree. 

The problem of bone resorption and sinking of the prosthesis into the pha- 
langes to a variable degree did arise in the earlier patients (Figs. 5-A through 5-D). 
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Case 11. Roentgenogram of ring finger showing joint disruption and anky- 
losis from old injury. 


Ordinarily, this difficulty beeame manifest ten to twelve months after surgery. 
Further observation revealed some shortening of the finger and loss of motion as 
a residuum of the sinking-in (Fig. 6). Subsequently (1956), a modification of the 
prosthesis, with the addition of a staple through both halves was devised in an 
effort to overcome this problem (Figs. 7-A through 7-D). To date the three pa- 
tients (Cases 11, 13, and 14) in whom the modified prosthesis was used have 
exhibited no such difficulty. 

In two patients (Cases 1 and 8) the screw in the hinged portion of the pros- 
thests eventually became loose and required tightening. This problem might be 
anticipated in such a device. However, the difficulty has been solved by the fabri- 
cation of a rivet type of half-threaded screw and a special swaging instrument. In 
two patients (Cases 7 and 10) the point of one of the medullary stems penetrated 
an adjacent joint (Figs. 8-A and 8-B). As yet, there have been no symptoms as- 
sociated with this complication, and function of the fingers in these two patients 
was considered satisfactory. 

The earlier prostheses were made of stainless steel and the present ones of 
titanium (Cases 11, 13, and 14). Titanium appears just as inert to tissue fluids and 
has the advantage of being somewhat lighter than stainless steel. To date no un- 
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siden 
Fia. 7-C 
Figs. 7-B and 7-C: Roentgenograms of hand showing prosthesis ten weeks and twelve months 
ifter surgery. Note the staples in the device and minimal effect of bone resorption. 


toward tissue reaction to either metal material has been observed. The tendency of 
the early prostheses to migrate along the medullary canal after ten to twelve 
months is disturbing, even though at this date no pain or disability has resulted 
from this complication. It might be anticipated that sooner or later loosening of 
the prosthesis or penetration of its stem with an adjacent joint will cause diffi- 
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Fic. 7-D 


Photographs of finger twelve months after operation showing degree of flexion. 





Case 10. Roentgenogram of index finger made nineteen months after operation. Note 
protrusion of distal medullary stem through the distal interphalangeal joint. Device was too 
long in this patient but he had no appreciable symptoms 
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Fia. 8-B 


Double-exposure photograph of index finger nineteen 
months after surgery showing range of motion. 


culty. It is hoped that the use of staples will prevent this complication. As yet, none 
of the prostheses which were anchored with staples have shown any tendency to 
migrate. However, the patients in whom staples were used have only been followed 
twelve, ten, and five months respectively. In any event, we feel that the procedure 
has been justified since the patients have had several years of useful hand fune- 
tion. Furthermore, if the staples are found to prevent migration, the older pros- 
theses can be replaced with the new which is anchored with the staples. 

None of the patients had residual pain. Two patients (Cases 11 and 12) said 
that discomfort in cold weather necessitated their wearing heavy gloves. In one 
patient (Case 11) the prosthesis became magnetized in the course of his occupa- 
tion. Other than the novelty of small metallic objects becoming attached to one 
finger at random, there were no significant symptoms. All the patients were pri- 
marily dependent on the use of their hands in their work. All except two expressed 
complete satisfaction with the results. The motivation of these patients was excel- 
lent and they readily accepted a prosthesis as an alternative to other surgical 
measures 

The examiners’ rating was based on the degree of motion, the stability of the 
device, changes noted in roentgenograms, and residual symptoms in relation to 
the patient’s occupation. An excellent rating was computed on the basis of active 
motion of over 50 degrees, clinical stability, roentgenographic evidence of intact 
prosthesis, absence of any untoward tissue reaction, no symptoms of significance, 
and performance of work without complaint. A satisfactory result was based on 


range of active motion of over 50 degrees, minimal or no symptoms, work per- 
formance without complaint despite mild elinieal instability, and roentgeno- 
graphic evidence of some degree of migration or loosening of the prosthesis. A 
rating of failure was given to a result not fulfilling the above criteria. In regard 
to the two failures (Cases 3 and 6), there is the alternative of arthrodesis, or more 
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likely reinsertion of the newer prosthesis. It should be noted that in both of these 
the results had been satisfactory from the patient’s standpoint, for periods of three 
and two years respectively. Ten cases were given satisfactory to excellent ratings. 


SUMMARY 


A metal, hinged type of prosthesis has been developed for irreparably dam- 
aged joints of the finger in selected cases, as an alternative to amputation or 
arthrodesis. 

This operation, a procedure of salvage, is performed in the hope of restor- 
ing some degree of useful function in an otherwise useless part. 

Prerequisites for the procedure are: functionally restorable tendons, intact 
nerve supply, adequate circulation of the part, and good motivation. 

Complications, consisting of sinking-in of the prosthesis and loosening of the 
screw, are discussed and solutions of these problems presented. 

In ten patients of the twelve cases rated, a functional range of painless motion 
was restored and the cosmetic appearance of the hand improved. 

All patients returned to full military duty and were engaged in specifie occu- 
pations requiring use of the hands. 

The results in this brief series have been sufficiently encouraging to warrant 
further attempts at this method of replacement arthroplasty. 
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Periarticular Soft-Tissue Changes as a Late 


Consequence of Burns 


BY DR. JAROMIR KOLAR AND DR. RADKO VRABEC, PRAGUE, CZECHOSLOVAKIA 


From the Radiological Clinic and the Clinic of Plastic Surgery, 
Charles University, Prague 


Burns, depending on the extent of tissue damage and such complications as 
shock and infection, may lead to serious local and systemic changes in the body. 
There may be reduction of vitality and direct damage to the burned tissue as 
well as disturbances in the composition of plasma and intercellular fluids and 
in the permeability of the cell membranes. 

Burns and their complications result in a series of cosmetic and functional 
sequelae after healing. At the Clinic of Plastic Surgery, Charles University, 
Prague, we examined, both clinically and roentgenographically, 750 patients who 
had burns and sealds of different extent and degree. We concentrated particularly 
on the reaction of bone and joints to burns. Changes around the joints did ap- 
pear in twenty-five patients (3.3 per cent of the group); roentgenographic and 
histological examinations revealed calcification and ossification of periarticular 
soft tissue. The joints affected were the major ones, particularly the elbow, knee, 
and ankle. Periarticular change in the hip and shoulder was rare and we never saw 
any soft-tissue change in the small joints of the hand or foot even when the 
skin over these was seriously damaged. We felt we could exclude other possible 
origins of calcification in patients with periarticular change since there was no 
history of injury except the burning itself. Roentgenograms were made at admis- 
sion and repeatedly afterwards so that we could follow, step by step, the begin- 
ning of calcification in the soft parts and how it increased in size and eventually 
attained a definite structure. 

The roentgenographie appearance of calcification and ossification after burns 
is quite varied but we can, however, recognize the following fundamental types 
of changes: 

1. Small insular or linear calcification and ossification in soft parts near the 
bone but not connected to the bone. This was found most frequently on the 
medial aspect of the knee by the femoral condyle, in the same area where post- 
traumatic Pellegrini-Stieda ossification appears. In some of these patients the 
original shadow of calcification changed to ossification as indicated by the trabecu- 
lar pattern, the cortical layer, and clear and sharp delineation. 

2. Periosteal thickening varying in depth and in length, similar to other 
periostitis but sometimes combined with calcification and ossification of muscle 
attachments. 

3. Limited exostosis. 

4. Extensive calcification and ossification of the soft tissue around the joint 
involving the capsule and its adjacent structures and sometimes leading to a bony 
bridging of the joint and extra-articular ankylosis. These bizarre aberrations are 
usually found at the elbow joint. The joint space, however, is well preserved and 
the articular cartilage is not affected. 


CASE REPORTS 


Case 1. A severe electrical burn was received by J. F., a man, thirty-one years old, in May 
1954. Forty-three per cent of the skin was affected, mostly with second and third-degree 
burns involving the lower part of the abdomen and the limbs. The burns about the knee and 
ankle were third degree. The patient was in severe shock initially and was under treatment 
for many months. Analysis of the blood showed that the serum calcium and phosphorus 
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Fia. 1-A 


Case 1. Roentgenograms made in June 1954 of both knees showing the development of 
cloudlike calcification on the inner surfaces of both medial femoral condyles. 


Kic. 1-B 


Roentgenogram made in July 1956. Progression of the process has stopped. On the 
right, joining the femoral condyle, is a spongelike exostosis. On the left side calcifica- 
tion has changed into ossification which, however, remains separated from the bone 


were within normal limits, but that the serum alkaline phosphatase rose as high as 13.2 
Bodanski units. The burned surfaces became infected by Staphylococcus pyogenes aureus 
he molytiu is, Bacillu pyocyaneu and parti ularly by St eptococcus beta he molyticus During 
treatment calcification developed gradually on the soft parts about the knee and ankle joints 
In the summer of 1954 calcification appeared on the inner surfaces of both medial femoral 
condyles. At first there were homogenous cloudy shadows (Fig. 1-A) which gradually became 
ossified. On the left the process did not develop significantly but on the right side it continued 
to enlarge ultimately joining the femoral condyle to form a spongelike exostosis with the 
architecture of lamellar bone (Fig. 1-B). These bone formations were easily palpable. Ossifica- 


tion also developed at the ankle joints, but this seemed more like periostitis, particularly on 
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Fia. 1-C 
Fig. 1-C: Periosteal apposition on the medial aspect of the right ankle joint. 
Fig. 1-D: Roentgenogram showing similar changes in the left ankle joint 


K'ic. 2 
Case 2. Ossification of the insertion of the triceps of the left elbow. 
the medial aspects Figs. 1-C and 1-D). The progression ceased at the end of two years. The 
range of motion of the affected joints remained somewhat limited. Poor blood circulation pre- 


sented an additional difficulty. 


Case 2. A nineteen-year-old nurse was burned in November 1956 when an oxygen tank 


exploded. She had second and third-degree burns chiefly on the upper portion of the limbs and 
The burns involved 44 per cent of her body surface. After initial treatment for severe 


lace. 
shock, she had a series of skin transplantations. There was considerable suppuration in her 
burns due to infection by Staphylococe is pyogenes aureus he molytu us, Stre ptococcus beta 
hemolyticus and Bacillus pyocyaneus. In the course of three months, calcification developed 
in the left elbow in the region of the triceps insertion with associated loss of elbow motion. 


Both flexion and extension were limited by about thirty degrees (Fig. 2). 


Case 3. M:S., a woman fifty-one years old, was burned in July 1955 as the result of the ex- 
plosion of a gasoline stove. She had second and third-degree burns involving 60 per cent of 
her body surface with third-degree burns of the left elbew. Healing was complicated by infec- 
tion with Stre ptoc occus beta he molyticus and Staphylococcus pyogenes aureus he molyticus. 
The patient resisted all efforts to exercise and mobilize the left elbow complaining of great pain. 
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Fic. ¢ 


Case 3. Lateral view of the left elbow showing ossification of the 
vosterior aspect of the oint. 
] | ) 


The joint stiffened in 110 degrees flexion owing to the development of massive ossification on 
the posterior surface of the joint (Fig. 3). While calcification and ossification were developing, 
ittempts were made to prevent stiffness by passive movement of the joint under narcosis and 
by the injection of hyaluronidase into the vicinity of the joint. Unfortunately, these steps did 
not meet with the desired result. 


Case 4. L.C., a woman thirty-three years old, had second and third-degree burns involving 
37 per cent of her body surface. Her burns were limited primarily to the face and upper extremi- 
ties with third-degree burns about the elbows. Massive infections of the burned surfaces de- 
veloped due to Staphylococcus pyogenes aureus hemolyticus, Proteus vulgaris, and Pseudomonas 
acroginosa. Healing of the burns was delayed and the patient would not exercise her joints 
sufficiently. After seven months in the hospital flexion deformities developed in both elbows 
with only 10 to 20 degrees of active motion. At this time ossification had begun to develop in 
both elbows (Figs. 4-A and 4-B). Attempts to arrest this process, including injections of 
hvaluronidase, failed. On the right side, there was a shell-like mass of ossification in the joint 





Fic. 4-A 


Case Roentgenogram of the elbow showing ossification of muscle 
insert of the posterior aspect on the continuation of the olecranon. 
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Fia. 4-B 


Ossification in the joint capsule on the medial surface of the elbow. 


Fia. 4-C 


toentgenogram made ten months after operation showing some re- 
generation of the bone mass which had been partially removed 


capsule (Fig. 4-B). In an attempt to restore motion in this joint the ossified tissue was 
This increased active motion to 70 degrees and passive 
movement to 90 degrees. However, during the ensuing year ossification gradually began to 


excised by an operative procedure. 
recur and active movement decrease (Fig. 4-C) 


Case 5. M.M., a woman forty-four years old, received second and third-degree burns in- 
volving 17 per cent of her body surface. The right upper extremity was involved primarily 
with third-degree burns of the elbow and second-degree burns of the shoulder. Healing was 
slow being complicated by infection. During this time the serum calcium ranged from 9.2 to 
10.9 milligrams per 100 milliliters, while serum phosphorus ranged between 2.5 and 4.0 milli- 
grams per 100 milliliters. Her alkaline phosphatase rose as high as 18.2 Bodanski units. The 
patient refused to move her right elbow because of pain. At first a cloudlike calcification (Fig 
5-A) occurred about the elbow joint which subsequently changed to mature ossification (Fig 
5-B). A similar ossification developed in the periarticular tissues about the shoulder on the 
sume side (Fig. 5-C). In the course of eight months the process gradually ceased and no further 
growth of ossification occurred. The elbow became stiff at 100 degrees of flexion and abduction 
of the shoulder was limited to 50 degrees. Portions of the ossified mass about the elbow were 
removed surgically but function was not appreciably improved. ° 

Histological examination of the removed tissue showed it to be fibrous, vascular, highly 
cellular connective tissue with metaplastic bone formation. Bone trabeculae, Haversian canals 
and numerous osteoblasts were visible, but no cartilage or muscle was found (Fig. 5-D) 

In the remaining twenty patients there were similar findings, generally somewhat milder, 
which corresponded roentgenographically to those mentioned. 
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Fig. 5-A 


Case 5. Lateral view of the right elbow made three months after injury, 
showing granular calcification and periosteal apposition 





Fic. 5-B 
Fig. 5-B: Roentgenogram made eight months after injury 
ind extra-articular ankylosis of the joint 


Pig. 5-C: Ossification has developed in the periarticular tissue of the 


showing stabilized calcification 
right shoulder 


DISCUSSION 


Caleitication and ossification of the soft tissues is frequently seen on roent- 
tre nographiv eXamination and olten as incidental findings Mhe se may he divided 
into two main categories as deseribed by Zuppinger: 


l The so-called metabolic calcification In generalized illness which is ac- 
companied by an elevation of the calcium and phosphorus levels in the serum 
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Fic. 5-D 
Photomicrograph (hematoxylin and eosin, X90) of osseous tissue removed from 
the elbow. 


The excess salts are not adequately eliminated from the body, and are deposited 
in different organs such as kidneys, lungs, and connective tissue. 

2. The degenerative calcification which is chiefly due to a local condition 
which develops when the tissue has been damaged by accident, degeneration, in- 
flammation, necrosis, or a trophic disturbance. The calcium and phosphorus 
serum levels in this condition are as a rule normal. 

In both types of calcification there appears to be some primary damage to 
the tissues in which calcification occurs. The simple rising of the level of calcium 
and phosphorus in the blood plasma does not lead to such change in normal 
non-caleifying tissue according to Hass. 

Generally, the reasons for calcification and ossification are various injuries 
to the joints, such as ligament damage, dislocation and fractures, or injuries of 
the spinal cord, particularly those which lead to paraplegia and trophie changes. 
Dorffel described calcification in subcutaneous scars as being formed over the 
course of many years after the injury. Findings resembling ours were described by 
Johnson as atypical myositis ossificans or heterotopic ossification. We feel that the 


name, myositis ossificans, is incorrect as our histological studies and roentgeno- 
grams showed the changes to have occurred entirely around the capsule of the 
joint and at the insertion of ligaments and muscles. We feel the name, periarticu- 
lar calcification and ossification, or osteoma periarticulare, would be more cor- 


rect. 

In evaluating our series of patients we found in most instances the condition 
had several common characteristics. They all had wide superficial burns of con- 
siderable severity which always involved the skin above the joint in which eal- 
cification and ossification had developed. The burn was never so deep as to burn 
bone or joint and suppuration of the joint did not develop as the intact articular 
surface and joint spaces prove. In some patients we noticed an increase in the 
level of serum alkaline phosphatase which indicated activation of bone minerals. 
The level of calcium and phosphorus in the serum was not markedly altered; 
this finding agrees with the experiences of other authors. 
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A conspicuous aspect in all patients was the bacterial infection of the burned 
surface. Besides the more common infection of Staphylococcus pyogenes aureus 
hemolyticus, we frequently noted Streptococcus beta hemolyticus which is dreaded 
because it leads to obstinate suppuration, retards healing, and, hence, delays 
arly active exercise. 

There was no obvious age predilection; the youngest patient was two years 
old and some were elderly. 

Calcification and ossification sometimes developed as early as five to six 
weeks after the burning. Generally it attained a definite form in three to six 
months or, at the latest, by the end of the second year. 

That this calcification and ossification has a direct etiological connection 
with the burning itself, we cannot doubt. However, the burn alone cannot cause the 
condition; local changes in the tissues in the vicinity of the joint seem to be 
necessary. We believe this to be pertinent; in the majority of those burned such 
changes did not take place at all, even in patients with burns about multiple 
joints. Only particular ones became involved. We observed that calcification 
seemed to develop particularly in joints whose function was impeded. 

In spite of intensive studies in recent years the pathological causes of soft- 
tissue calcification are not yet fully explained. Undoubtedly a series of local and 
systemic factors must be taken into consideration. The most important probably 
are the changes of the vitality, chemistry, and pH of the tissues that calcify, the 
total chemistry of the blood and intercellular fluid, the circulatory disturbances, 
and damage to innervation. All these factors may be components in the final 
process of ossification and calcification. However, there is no doubt that in the 
case of severe burns, conditions often occur which predispose to soft-tissue cal- 
cification around the joints. 

TREATMENT 

Once calcification and ossification has already taken place the treatment is 
quite limited. It seems impossible to stop this condition when it has advanced 
despite passive exercise and injections of hyaluronidase into the area. As in the 
ease of similar post-traumatic changes, surgical removal of the ossification is 
often unsatisfactory since re-ossification frequently occurs. 

It is, therefore, indubitably more important to prevent the condition than to 
treat the problem of calcification and ossification once it has developed. Meas- 
ures must be taken as soon as possible after the burning to protect the wounds 
from infection as massive suppuration prolongs the healing and furthers general 
debilitation. For the same reasons it is necessary to gain skin coverage by graft 
as rapidly as possible. As soon as the condition of the patient permits, active 
and passive exercises of the limb should be initiated. It is, however, necessary to 
avoid forced motion which may lead to trauma of the joints and soft tissues and 
encourage the development of calcification. It is only with careful and purposeful 
treatment that we can prevent the serious secondary changes about the joints 
which make the patient, despite good skin healing, a permanent invalid. 


SUMMARY 


Periarticular calcification and ossification occurred in twenty-four (3.3 per 
cent) of 750 patients with burns. Various types of tissue change were observed, 
both clinically and roentgenographically. These late periarticular changes were so 
closely associated with extensive and severe burning that the possibility of other 
traumatic sources was eliminated. On the basis of their observations and experi- 
ence the authors believe that infection of the wounds and insufficient and un- 
suitable rehabilitation during treatment might well be a cause of calcification 
and ossification. 

Attempts to cure mature or developing ossification met with little success 
both cosmetically and functionally. On the other hand, prevention of infection 
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and strict asepsis in the treatment of burned surfaces are important as is rapid 
skin coverage. These methods will shorten the time of treatment and will allow 
early careful exercise of the joints so that stiffness may be avoided. 
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Correction of Chronic Dorsal Subluxation of the 
Proximal Interphalangeal Joint By Means 


of a Criss-Cross Volar Graft* 


BY JOHN P. ADAMS, M.D., WASHINGTON, D. C. 


From the Department of Surge y (Orthopae dics), George Washington University 
School of Medicine, Washington 


Chronic posterior subluxation of the middle phalanx upon the proximal 
phalanx may occur as a result of foreeful hyperextension of the proximal inter- 
phalangeal joint with an avulsion of the volar ligament, particularly if immobil- 
ization of the finger is carried out inadequately after injury. Minor degrees of 
subluxation undoubtedly are common and asymptomatic. Unless the joint locks 
partially or completely in some position of hyperextension, the patient is un- 
likely to call the condition to a physician's attention. The condition of locking 
in hyperextension sometimes is seen in severe athetosis and may follow section- 
ing of the flexor digitorum sublimis tendon. 

The patient’s complaints are of complete or incomplete locking that may 
require passive assistance to initiate flexion. Pain may be mild. Symptoms com- 
monly extend over many years. The pathological findings in cases of proximal 
interphalangeal hyperextension due to trauma have been described by Kaplan 
and Portis. 

Correction of this condition, once it has occurred, requires either repair of 
the torn volar ligament or reconstruction of a ligamentous substitute. A review 
of the literature reveals only three reports of surgical repair in this condition. 
Capurro and Russi * described one case in which a strip of fascia lata was looped 


Read at the Annual Meeting of the American Society for Surgery of the Hand, New York, 
N. Y., February 1, 1958. 


VOL, 41-A. NO. 1, JANUARY 1959 





ADAMS 





Fic. 1-B 
Fig. 1-A: W. C. H. Preoperative photograph showing extension of the proximal interpha- 
the distal interphalangeal joint of the ring finger 


langeal ind flexion of 
little finger 


Fig. 1-B: Preoperative photograph showing hyperextension of the 


Fic. 1-C 


’reoperative roentgenograms illustrating hyperextension of the proximal inter- 
traumatic arthritic changes in 


} 
i 


phalangeal joint of the little finger and severe 
the fourth metacarpophalangeal joint 
over the proximal end of the middle phalanx between the extensor tendon and 
the bone; the ends were passed volarward and crossed beneath the flexor sheath, 
and the free ends were then passed subcutaneously and sutured into the com- 
mon extensor tendon proximal to the metacarpophalangeal joint. The photographs 
necompanying this case portrayed an excellent functional result. Bate, in 1945, 


reported one case of post-traumatic subluxation which was treated by reattach- 
a shortened 


ment of the volar ligament and suturing of the lateral ligaments in 


ind flexed position No further instability oceurred. The patient Was 
with good tunetion. In 1954, Porti: 


stated to 


have full flexion and extension to 160 degrees 


deseribed two cases in which repair of the volar plate was carried out In one 
subperiosteal advancement of the ligament from the proximal phalanx was 


as between 165 degrees to 140 


Cuse, 
hecessary Motion in one case was described 
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Fia. 1-D 
Photographs made after operation show range of extension and flexion of ring and little 
fingers. 





ORILL HOLES 
TENDON GRAFT 


FLEXOR TENDONS 
(RETRACTED) 





LATERAL VIEW VOLAR VIEW 


Fic. 2 


Drawing shows the operative technique employed for correction of chronic or recurrent 
subluxation of the proximal interphalangeal joint 


degrees; the other from 175 degrees to full flexion. Furlong suggests opening the 
volar plate transversely to produce scarring and thereby limit extension. 

A technique of reconstruction of the volar ligament was described by Bunnell; 
the technique is similar to that used by the author. 

In this report, three chronic subluxations of the proximal interphalangeal 
joint seen in two patients will be presented and a technique for volar-plate substitu- 
tion will be deseribed 


W.C. H i school teacher, forty-five vears old gave a history of chronie subluxation 
of the proximal interphalangeal joints of the right ring finger and little fingers following 
a& severe Injury twenty-seven years previously. The patient’s hand was first examined in 
October 1954. At that time most of the symptoms were referred to the ring finger which, he 
stated, had begun to catch and lock a few months previously. He also noticed swelling of 
the joint and experienced pain. In order to flex the finger passive assistance by an adjacent 
finger was required. He also noted that the proximal interphalangeal joint of the little 
finger was hyperextending but not locking. Examination of the hand revealed hyperextension 
of all proximal interphalangeal joints—the index finger extending to 200 degrees, the long 
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H. H. Preoperative photograph showing hyperextension of the 
proximal interphalangeal joint and flexion of the distal inter- 
phalangeal joint. 


Roentgenograms made before operation show the deformity. 


ring, and little fingers to 220 degrees (Fig. 1-A). Crepitus was present in the proximal inter- 
‘halangeal joint of the ring finger, and ulnar deviation of the middle phalanx was noted. 
Surgical repair of the ring finger was carried out on February 23, 1955. 

The following surgical technique was utilized (Fig. 2). The joint was ap- 
proached through bilateral dorsolateral incisions three centimeters in length. The 
lateral bands were retracted dorsally and the flexor sheath was separated from 
the joint. Examination of the joint revealed the lateral ligaments to be intact. 
The articular cartilage revealed severe traumatic arthritis. No volar ligament 
was recognizable. Transverse holes were drilled about four millimeters proximal 
and distal to the joint surfaces and at a right angle to the long axes of the bones. 
Through these holes was threaded a section of tendon, two millimeters wide and 
ten centimeters long, that had been previously removed from the palmaris longus 
tendon. The tendon was passed through one hole, the ends were then crossed 
over the volar surface of the joint and the longer end was passed through the 
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Fic. 3-C Fic. 3-D 


Photographs made after operation show the range of extension and flexion. 


other hole and sutured to the shorter, with the joint held in about 30 degrees 
of flexion. After placement, the tendon was in the shape of a figure-of-eight. The 
finger was splinted in flexion for three weeks. 


On March 6, 1956, a similar repair of the little finger was carried out, as well as a rotation 
osteotomy of the proximal phalanx of the ring finger to overcome the ulnar deviation (Figs. 
1-B and 1-C). When last examined on November 1, 1957, the patient had full flexion of 
both fingers, the little extending to 180 degrees, the ring finger to 175 degrees (Figs. 1-D 
ind 1-F). 


H. H., a male statistician, thirty-six vears old, was seen on January 20, 1956, because of 
an irreducible dislocation of the proximal interphalangeal joint of the left little finger without 
any particular trauma (Figs. 3-A and 3-B). The patient stated that the involved joint 
was dislocated twenty years previously while he was playing basketball. The details of the 
initial treatment were not recalled. Since that occasion, the finger frequently would dislocate 
but reduction always was easily accomplished. The present dislocation had occurred approxi- 
mately one month prior to the patient’s visit. The examination of the finger revealed hyper- 
extension of the proximal interphalangeal joint with flexion of the distal joint. Surgical repair 
of the joint was carried out on January 25, 1956, by means of the technique previously 
described. When last examined on October 30, 1957, the joint extended to 155 degrees and 
there was slight limitation of flexion. There was a tendency toward hyperextension of the 
distal joint (Figs. 3-C and 3-D). Function was described by the patient as being much 
improved as contrasted to the twenty-year period of repeated episodes of chronic subluxation 
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Surgery of Tophaceous Gout 


A Case Report * 
BY HAROLD W. WOUGHTER, M.D., FLINT, MICHIGAN 


Gout is an old and mysterious disease. Its exact. cause remains obscure. Ex- 
cept for a few conscientious medical observers its very familiarity has caused 
investigative neglect. Talbott, Bartels, and Neuwirth have outlined the medical 
management soundly, and rationalized the therapeutic value and diagnostic aid 
of the new agents as they appear. i 

The rarity of surgical intervention in the treatment of gout is evident by 
the fact that in the last twenty-six years only a few articles dealing with sur- 
gical treatment of tophaceous gout have appeared. Linton and Talbott reported 
eleven patients operated upon for removal of tophi; relief of pain was obtained 
in all. They remarked that in one hundred years from 1835 to 1935 only seven 
cases of gout were operated upon for the treatment of tophaceous deposits at the 
Massachusetts General Hospital, three for evacuation of tophi, and four for 
amputation. It is for fear of the ignorance of the benefits of surgery in some 
cases of gout that we report the surgical management of this interesting case. 
A report of one case shows a wholesome disrespect for conventional medical 
investigation, but this case report does invite critical interest. The purpose of 
this presentation is to show the advantages of surgery in the treatment of topha- 
ceous gout. The peculiarities of the disease lend themselves effectively to selec- 
tive surgical attack on the tophi. 

At first glanee, hands crippled by one of the collagen diseases may clini- 
cally resemble gouty arthritis with tophi. Pathologically, the method of dis- 
tortion differ. In gout, normal structures are encroached upon by deposits of 
urates, in contrast to the infiltration of connective tissues in the collagen dis- 
eases. The neurovascular systems are pushed aside by the developing tophi, 
encircled or trapped, but not invaded. 


Joth feet in 1951 


*Read at the Annual Meeting of the American Society for Surgery of the Hand, New 
York, N. Y., February 1, 1958 


116 THE JOURNAL OF BONE AND JOINT SURGERY 








SURGERY OF TOPHACEOUS GOUT ir 





Fic. 2 
Both hands in 1951. 

The urge to remove tophi completely is tempting, but the tophus is often 
the sole remaining architectural framework for support and function. Sufficient 
excess can be removed to permit the wearing of shoes, gloves, or clothing and 
to give relief from pain, with no apparent risk of return of the deforming 
obstructions. This may be explained by the fact that urate-crystal deposits are 
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Left foot, 1956 Right foot, 1956 
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Right hand, 1956 


Right hand, 1956 
in the spaces between the connective-tissue fibers. The sear is hyalinized con- 
Gout has a predilection for the smaller bones and joints of the hands and 
the osseous changes are less, 


nective tissue with no spaces between fibers for the deposit ol urates 


In larger joints it runs a much milder course 
or absent; and, although tophi may continue to enlarge, they seldom restrict 


feet 
function sufficiently to warrant surgical intervention. 


Fic. 8 


hand operation After excision of tophi 
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Fic. 9 Fic. 10 


Right hand after operation 


E. M., a retired male factory worker, sixty-five vears old, had symptoms of gout for 
time twenty vears ago. In 1951 he sought surgical aid because of his inability to 
Tophi were removed from the heel and 
metatarsal to the great toe 
Tophi were noted 


the first 


wear shoes, and a large draining tophi (Fig. 1) 


lateral side of the left foot. The draining tophus, involving the 
first rav near its base 


on the right, was removed by amputation of the 
t the knees, elbows, wrists, and hands (Fig. 2); these were not disturbed 

In October 1956, he again sought surgical relief because of difficulty in using his hands 
The tophi had increased in size, seriously interfering in the functional use of the hands 


Fic. 12 


Left hand, 1956 


Fia. 11 
Left hand, 1956 
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Fig. 17 


Left hand, result 


The urates were deposited between the tendon fibers (Fig. 7). The extensor tendons to 
each finger were spared. Complete removal of all urates was not attempted (Fig. 8). An 
acute attack of gout in the right shoulder occurred on the first postoperative day; this re- 
sponded in five days to maximum doses of colchicine. The wounds healed promptly without 
drainage (Figs. 9 and 10), and the patient requested operation on the other Land during 
the same hospital stay 

The left hand presented a reconstructive challenge (Fig. 11). The index and long fingers 
were being bypassed. It was extremely difficult for the thumb to reach the right finger because 
of gouty joint changes. The middle and distal phalanges of the index finger appeared to be 
normal 

Roentgenggrams revealed the osseous de fect of medullary tophi, both polytopic and 
polyarticular, with subluxation of joints, ensuing inhibition of movement, and pronounced 
osteolytie manifestations. When the delicate periosteal shield formed around the confluent 
tophus, the bone appeared as though distended, then lost as if the attempt to limit the 
tophus had been overcome (Fig. 12) 

The index finger tophus was removed, saving the vascular bundle with the middle 
phalanx (Fig. 13). The tourniquet was released and the blood supply to the phalanx was 
seen. It was decided that this phalanx could be moved to the long finger to replace that 
involved by the tophus 

In removing the lesion from the long finger, a cup-shaped bony shell was left to receive 
the cartilaginous end of the index phalanx, which was transferred with its blood supply 
The proximal cartilage was removed and fixed with Kirschner wires (Fig. 14). The wounds 
healed, and the wires were removed in three weeks. Union progressed without incident 
(Fig. 15). 

Figures 16 and 17 show the results after operation and healing. The patient received 
preoperative treatment with colchicine and no acute attack of gout resulted from this 


procedure 


SUMMARY 
We believe this case emphasizes some peculiarities of gout: 
1. Unaffected parts of a crippled digit ean be transferred with the blood 


supply and effectively utilized in reconstructive procedures 


2. Osteogenesis will take place if bone has not been directly involved with 
au urate deposit. 

3. Incomplete removal of tophi is not necessarily followed by return of 
the deforming overgrowth 

$4. Wounds heal well even with extensive disseetion and incomplete removal 
of the gouty lesions 

5. Early surgical intervention of progressive tophi of the hands is recom 
mended 
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DISCUSSION 


Dr. Ropert E. Carrott, New York, N. Y.: Gout is an ancient disease and was originally 
called podagra. The name was derived from the Greek, meaning a painfully attacked foot 
So frequently has the foot been the site of involvement in gout that it has become almost 
synonymous with the disease itself. We tend to forget that it does involve the hands as 
well. In the hand, however, the occurrence is relatively low. The diagnosis should be rela- 
tively easy to make by blood studies and roentgenograms. A more frequent disability in 
the hand is the clinical picture presented by an acute calcium deposit. This should not be 
misleading and has, of course, no relationship to gout. An excellent reference on this subject 
is @ monograph called Gout, written by Dr. John H. Talbott *. 

The deposition of urates in the hand usually is a slow process and the neurovascular 
bundle is not damaged—as Dr. Woughter has pointed out in his paper. This fact allows 
rather extensive surgery with a reasonably good prognosis. Surgical scars do heal nicely 
and apparently prevent return of urate deposits in that area. It is felt that there are two 
major indications for surgical intervention. The first indication is to prevent mechanical 
disability. When the deposits cause joint instability and digital angulation, they should be 
removed at an early date. I” a deposit on a finger grows in size so that it is difficult to put on a 
glove, it should be removed. The second major indication for surgical care is involvement 
of the skin covering the tophus. We should not wait until the skin becomes necrotic and a 
draining sinus is found. This is an invitation to infection 

Dr. Woughter is to be congratulated on rehabilitating, surgically, two hands. The method 
of transferring the phalanx from the index to the middle finger along with its vascular pedicl 
is certainly ingenious. Two questions come to mind regarding this procedure: Would a bone- 
bank graft of cancellous material have fused just as well? Could the phalanx have been 
used as a free graft without the vascular pedicle and just as firm an arthrodesis obtained? 

* Taupott, JoHN H.: Gout. New York, Grune and Stratton, 1957. 
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An Analysis of Muscle Action and Joint 


Excursion During Exercise on a 


’ 
te 
‘ 


Stationary Bicycle 


BY S. J. HOUTZ, M.S., R.P.T., AND FREDERICK J. FISCHER, M.D., DETROIT, MICHIGAN 


From the Department of Research and Education, Detroit Orthopaedic Clinic, Detroit 


The stationary bicycle is a familiar apparatus found in most institutions 
where therapeutic exercise is prescribed. The indications for, and methods of, 
use of this modality in the treatment program are numerous and based primarily 
on empiricism. The stationary bicycle has been suggested as an apparatus to 
increase range of motion of the hip*, knee, and ankle *; to strengthen muscles 
of the knee and ankle!; and to improve range of motion and strength of the 
extremity in general *. The universal acceptance of this exercise tool would seem 
to indicate a belief in its value for the patient with orthopaedic disabilities of 
the lower extremities, but to our knowledge the rationale of its therapeutic use 
has never been demonstrated experimentally. 

The purpose of this paper is twofold: to correlate electromyographic observa- 
tions of surface muscles thought to participate in exercise on a stationary bicycle 
with accompanying joint range studies, to evaluate the efficacy of some of the 
clinical methods in use. 


MATERIAL AND METHODS 


The subjects of the investigation were three healthy young adult women. 
Their height in inches was sixty-two, sixty-five, and sixty-seven; and weight in 
pounds 113, 102, and 130, respectively. All were active participants in sports 
and were experienced bicycle riders. One subject, J. A., well trained in laboratory 
procedures, performed six series of experiments. The other two were novices and 
performed one series each. 

Each series of experiments consisted of the subject riding the bicycle with 
the seat at the lowest position (twenty-one inches from the center of the pedal 
sprocket) and then with the seat elevated four inches. Exercise in both positions 
was performed against no resistance and 1.5, three, four, 4.5, and five pounds 
of resistance. Some experiments were started with the seat high, others with the 
seat low. In all studies, the amount of resistance was increased in gradient steps 
from zero to maximum. The subject was instructed to cycle at an easy pace 
and to perform the activity as smoothly as possible, keeping the feet in the same 
position on the pedals throughout the series. 

The stationary bicycle was typical of those found in many physical therapy 
centers (Fig. 1). The brake was applied by tightening a small hard cylinder 
against the back of the wheel. To repeat exactly the resistance against which 
the subject worked, a small fish scale was incorporated into the braking mechan- 
ism. A microswitch attached to the frame closed momentarily a three-volt dry- 
cell circuit as the foot pedal passed a given point. This activated an electromagnetic 
signal suspended above one channel of the electromyographic ink-writing Dyno- 
graph. The signal deflected the pen on the moving electromyogram thus indicat- 
ing one cycle of the foot pedal. 

Muscle-action potentials were picked up by skin electrodes and, after ap- 
propriate amplification, recorded on an eight-channel Offner Dynograph. Prior 


* This work was supported in part by a grant from The Ford Foundation 
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to each experiment, the electromyograph was calibrated with the same setting of 
mplifieation for all recordings and for all channels. The fourteen muscles sam- 
pled were: sacrospinalis, rectus abdominis (lower fibers), glutaeus maximus and 
clutaeus medius, tensor fasciae latae, sartorius, gracilis, rectus femoris, vastus 
imedialis and vastus lateralis, semitendinosus, biceps femoris, medial gastroc- 
nemius, and tibialis anterior. In a preliminary study, the semimembranosus 
and lateral gastrocnemius were also included. Because the activity in these two 
followed the same pattern as the semitendinosus and medial gastrocnemius, 
respectively, they were dropped for convenience of recording. The surface elec- 


trodes were Monel metal disks, one centimeter in diameter, with a hollow depres- 


sion. They were placed equidistant from the motor point, previously determined 


by clectrodiagnosis, with a minimal interelectrode space of 2.4 centimeters dis- 


Normal subject prepared to exercise on experimental stationary 
bievele with seat elevated. 


tance and on a line parallel with the muscle fibers. A mild erythema was pro- 
duced by rubbing the skin of the selected areas with Microhm electrocardiograph 
jelly. The disks were filled with this substance and sealed in place with Aeroplast 
and adhesive tape. Simple range movements against resistance were performed 
to confirm correct electrode placement and preparation technique. With the excep- 
tion of one experiment, all data were collected from the right extremity. In the 
control study, muscles were sampled from both limbs to confirm the supposition 
that the pattern of both extremities was identical except that the timing of muscle 
activity was reversed, that is, the extensor group on the right contracted in 
alternation with those on the left. 

To reconstruct the postures assumed by the subjects under each condition 
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MUSCLE ACTION AND JOINT EXCURSION DURING EXERCISE 


TABLE I 


Decrees or Joint RANGES oF MAXIMUM PosiTIONS oF KNEE AND Hip Morton 


Computep FROM Morion-Picture Ling Drawines or Mvuutirte Cycies* 


Height Hip Knee 
(Inches) Flexion Extension Range Flexion Extension Range 


2 
fs. ¥ 5 30 25 99 
yA: 12 23 110 
CG 10 27 100 
Seat 21 inches 
S.L 7 37 3: 113 
JA 77 10 117 
CG S 50 3: 120 


* Figures are given in terms of zero as complete hip or knee extension 


imposed, simultaneous motion pictures were made. The distance of the camera 
from the subject was identical for all experiments. Each motion picture frame 
was magnified by a Bolsey microfilm reader and the outline of the figure repro- 
duced exactly as a line drawing. 

Ninety-six different procedures yielding 1,920 electromyograms of pedal 
cycles were subjected to analysis. When the cycles were identical in time, as 
indicated by the pen deflexion on the electromyogram, the patterning of muscle 
action among subjects and under the various conditions prescribed were super- 
imposed and compared by use of a view box. Over 1,000 frames of motion pictures 
were magnified and drawn for detailed study. The approximate center of the 
hip, knee, and ankle were marked; and, with the use of a protractor, the Joint 
excursions were recorded. The sketches thus obtained were matched by use of 
the signal device with the electromyograms to facilitate analysis of movement 
and muscle action. 


RESULTS AND THEIR INTERPRETATIONS 


A comparison of joint ranges of the tallest and shortest subjects during 
bicycling is illustrated in Figure 2. These are outline drawings from motion pic- 
tures made during exercise with the seat at twenty-one and twenty-five inches 
from the center of the pedal sprocket. 

With two fixed points—the seat and foot pedal—the relationship between 
the ranges of hip, knee, and ankle motion varied with the changing position of 
the extremity. The mechanical construction of the bicycle limited the distance 
through which the extremity moved with each circle of the pedals. During exer- 
cise against resistance, all subjects demonstrated maximum ranges of dorsiflexion 
and plantar flexion on the rotatory foot pedal. Maximum dorsiflexion occurred 
as the foot rolled the pedal into a position of maximum hip and knee flexion, 
while maximum plantar flexion occurred at the end of extension just as the 
extremity started into flexion. Maximum knee and hip extension occurred simul- 
taneously in the cycle, neither reaching complete extension. From Position 2, 
Figure 2, the knee flexes to approximately Position 3, and the hip also begins 
to flex. Maximum knee flexion occurs at Position 4 slightly before maximum 
hip flexion. Hip flexion did not exceed 90 degrees, for the thigh, instead of con- 
tinuing in flexion, internally rotated and adducted. Additional hip flexion would 
have caused an, extremely unstable position of the pelvis because of the small 
supporting base offered by the seat and the extended position of the other extrem- 
ity. A series of photographs made of a man, six feet tall, confirmed these 
observations, even though it was obvious that with the seat low the subject 
was too big for the instrument. 
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Fic. 2 
Outline drawings from motion-picture frames of joint excursion in hip, knee, and 
ankle during one cvcle. Height of subject, illustrated by broken lines, is sixty-seven 
inches; by solid lines, sixtv-two inches. Above, seat elevated four inches; below, 
seat at lowest point 


A summary of the maximum excursions occurring in the hip and knee joints 
of all subjects is presented in Table I. The data represent the average of a large 
number of observations for any one subject. The only variations in the perform- 
ance of the three subjects was seen in J. A. who invariably performed the exer- 
cise with the fore part of the foot rather than the instep on the foot pedal. The 
results of this position are reflected in greater flexion and less extension of the 
knee. Although the outside limits of maximum excursion in flexion and extension 
varied with the height of the subject, the differences between the two, representing 
the range, was fairly constant. It was possible to develop approximately 20 to 
40 degrees of motion in the hip and from 40 to 65 degrees in the knee. 

Electromyographiec evidence presented in Figure 3 illustrates that the pat- 
tern of muscle-action potentials of the three subjects during exercise on the 
stationary bicycle was consistent. The resistance imposed here was three pounds 
Pedaling against this amount of resistance was performed with ease and at an 
even rhythm by all subjects. The position of the pedals in Figure 1 indicates the 
deflection of the cycle marker pen. The duration of the cycle of subjects J. A. 
and 8. L. was identical, that of C. G. being slightly shorter. 

Electrical activity was minimal and variable in the sacrospinalis, rectus 
abdominis, glutaeus maximus, and glutaeus medius muscles. The activity of the 
tensor fasciae latae and sartorius preceded slightly that of the quadriceps group. 
The tensor fasciae latae and the sartorius probably assist in flexing the thigh. 
The tensor fasciae latae muscle may also counteract any tendency of the iliopsoas 
to cause external rotation. While it is unfortunate that this muscle is inaccessible 
to study by use of surface electrodes, it is reasonable to assume that the iliopsoas 
acts during hip flexion. Since the tensor fasciae latae and sartorius are both 


THE JOURNAL OF BONE AND JOINT SURGERY 








-}—- a 


SACROSPINALIS 
| 


RECTUS ABDOMINIS | 
| | 


A A 
Cycle Marker | dae 
| subject JA [250 wv 


——+--- ~2eer 


GLUTAEUS MAXIMUS | 


| | 


GLUTAEUS MEDIUS | | 


| 
— ee Hee 
me i FASCIA FEMORIS | | 
I 
SARTORIUS | | | 


| 
——_ Th eee 


GRACILIS l ' 


# am Sn o— a Uy 
‘ikea | | 


! 


thts De etal pone ~ ae 


VASTUS ee ——— IS | | 


ee 








| | 

Ho — tA ii ete 
VASTUS LATERALIS 

| 

7 


SEMITENDINOSUS 


BICEPS FEMORIS ’ 


is i He al lee tiie 


TIBIALIS ANTERIOR | pw. | 


| 
ciel hem seaiacae a - <A ——— 4 ——_—$_— b> 
GASTROCNEMIUS y 


Fic. 3 


Electromyograms of three subjects during exercise on a stationary bicycle against 
a resistance of three pounds (seat twenty-one inches). Deflection of cycle marker 
indicates position of right foot (Fig. 1). 


flexors of the hip, and the latter of the knee also, their electrical activity during 
the extension phase of cycling, in conjunction with the quadriceps group, suggests 
that they stabilize the knee during strong extension. Duchenne demonstrated the 
tensing action of the sartorius on the femoral aponeurosis over the medial aspect 
of the thigh similar to that of the tensor fasciae latae on the lateral surface. 
This tensing lends support to the extensor force exerted through action of the 
quadriceps. The action potentials in the gracilis occurred during both quadriceps 
and hamstring electrical activity. Since the gracilis is an adductor of the hip 
and flexor of the knee, its action would hold the knee in mid-position when 
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Fic. 5 
Fig. 4: Changes in electrical activity of muscles due to increasing the resistance during cycling (seat 
twenty-five inches) 


Fig. 5: Comparison of the muscle-action patterns during exercise with the bicycle seat at twenty-one 
(S.L.) and twenty-five (S.H.) inches. The resistance was four pounds. Order of muscles listed are the 
same as those in Figs. 3 and 4 


acting with the former and assist in flexion when contracting with the latter. 

The timing of the action potentials recorded from the rectus femoris and 
vastus lateralis and vastus medius muscles was identical. The electrode was 
placed on the rectus femoris just proximal to the mid-thigh so that only activity 
from fibers concerned with action on the knee was recorded. The duration of 
contraction of these muscles was almost twice that of the hamstrings. The action 
pattern of the semitendinosus, semimembranosus, and biceps femoris was usually 
short in duration, building to a peak and then rapidly diminishing. The electrical 
activity occurred prior to cessation of the quadriceps and terminated before these 
muscles reactivated, that is, as the extremity approached maximum extension 
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and started into flexion. Under severe stress minimal activity occurred simul- 
taneously with the quadriceps. 

The tibialis anterior acted in conjunction with the tensor fasciae latae and 
sartorius. As the hip and knee approached maximum flexion the ankle dorsiflexed 
turning the pedal to a level position in preparation for the extensor thrust of 
the extremity. This contraction was maintained until the extremity was midway 
between maximum flexion and extension during the extensor thrust. Action poten- 
tials were evoked in the gastrocnemius at the terminal phases of extensor thrust 
when the ankle was strongly plantar flexed to assist the hamstrings in initiating 
flexion of the knee. The contraction phase of the gastroenemius was relatively 


short in duration 


Fic. 6 
Summary of muscle-action potentials during one cycle placed on a schematic time 
course. Greatest activity is confined within double lines, lesser activity continues as 
single line [Gr., gracilis; S. and T.F.F., sartorius and tensor fasciae femoris (tensor 


fasciae latae); Qu., quadriceps; T.A., tibialis anterior; Gl., glutaeus maximus and 


medius; Ga., gastrocnemius; Ha., hamstrings] 

The effect of increasing the resistance against which the subject is pushing 
the pedals is illustrated in the electromyograms in Figure 4. When no brake 
was applied action potentials occurred primarily in the gastrocnemius and tibialis 
anterior. Unpublished experiments conducted on other muscles of the foot and 
ankle demonstrated that these other muscles also participated. Bicycling as rap- 
idly as possible against no resistance increased the electrical activity and the 
number of muscles participating in the exercise. The magnitude of the electrical] 


activity resulting from this rapid pedaling, however, was not as great as that 
obtained through loading. The number of muscles contracting and the magnitude 
of action potentials produced increased with added resistance. Even though the 


resistance became so great that the subject required assistance to initiate the 
movement, incoordination was never evident. The pattern of action of each muscle 


remained discrete in its timing 
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Changing the height of the bicycle seat did not influence the pattern of 
muscle action (Fig. 5). In the majority of records the magmtude of the muscle- 
action potentials was less when pedaling with the seat high than when pedaling 
with the seat low against the same resistance. The relative ease with which the 
subjects pedaled against heavy resistance in the former position was obvious to 
both operator and subjects. In several instances, exercise against five pounds could 
be performed when the seat was elevated the four inches, but not otherwise 

The schematic diagram (Fig. 5) was reconstructed from the analysis of all 
the electromyograms recorded during cycling against resistance. Since this is a 
bilateral exercise, reciprocal in nature, movement and muscle-action potentials 
of both extremities must be considered. Either the right or left tensor fasciae 
latue, sartorius, and quadriceps group were in a state of contraction continuously. 
One side started to act before the other ceased. This was not true of the ham- 
string and gastrocnemius groups The action potentials evoked in the sacrospinalis, 
rectus abdominis, and two gluteal muscles were so minimal that they could be 
excluded as significant participants in this activity. The eleectromyograms indi- 
eated that exercise on a stationary bicyele involved primarily the hip flexors, 
the knee extensors, and the muscles acting on the foot and ankle. 

\ study of the motion pictures demonstrated that with loads requiring severe 
effort, the subject rotated the trunk toward the side of the extremity which was 
in extreme flexion, but as this limb proceeded downward through the extension 
range, rotation of the trunk to the opposite side occurred. The activity of the 
trunk was jerky and uncoordinated with pauses at maximum flexion and at full 
extension. Inability of the subject to continue cycling occurred when the extensor 
force of one leg did not create sufficient momentum in the final phase of the 
downward stroke of the pedal to continue the revolution, with the result that 
the hamstrings and gastrocnemius could not contract strongly enough to initiate 
the knee flexion which takes place just before the opposite extremity reached 
the position for its extensor thrust. The strong contraction of the knee extensors 
and hip flexors acting in alternation precluded the need for hip extension and 
minimized knee flexion action. Professional bicycle riders use a strap across the 
toes to obtain a pulling action during the flexion phase in combination with the 
extension phase on the contralateral extremity. This may be considered of value 
Ih some clinical applications 

The constancy of the pattern of muscle action indicates that the bicycle is 
important as an apparatus for improving coordination. This device, if used in 
conjunction with electromyography, may be useful in studying patterns of muscle 


action in patients with neuromuscular disorders. 


SUMMARY 


Multiple lead electromyograms were recorded simultaneously with motion- 
picture studies of normal subjects during exercise on a stationary bicycle. Action 


potentials were picked up by surface electrodes from the sacrospinalis, rectus 


abdominis, glutaeus maximus and glutaeus medius, tensor fasciae latae, sartorius, 
gracilis, rectus femoris, vastus medialis, vastus lateralis, semitendinosus, biceps 
femoris, tibialis anterior, and gastrocnemius. Bicycling was performed against 
resistance of varying degree with the seat twenty-one and twenty-five inches 
from the center of the pedal sprocket The evidence presented supports the fol- 
lowing conclusions: 

|. During bieyeling, muscles contract in a pattern which is orderly and coor- 
dinated. This was unchanged even when the resistance was so great that assistance 
was needed to help initiate rotation of the pedals. 

2. The pattern muscle activity is highly reproducible in each individual sub- 
ject and among the three different subjects under test. 

3. Varying the height of the bieycle seat does not influence, in general, the 
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timing of muscle activity, but the exercise is performed with less effort when the 
seat is high. 

4. As the resistance to muscle action increases, electrical activity intensifies 
in each muscle and develops in other muscles. Exercise against no resistance 
evokes action potentials primarily in the muscles acting on the foot and ankle. 

5. The bicycle is a useful therapeutic device for increasing the range of mo- 
tion in the hip, knee, and ankle within certain limits. The ankle moves through 
its complete range of motion, while considerably less motion occurs in the knee, 
and still less in the hip. 

6. Of the muscles studied, those most necessary for pedaling a stationary 
biecyele are the tensor fasciae latae, sartorius, quadriceps femoris, and tibialis 
anterior as demonstrated by multiple lead electromyography. 
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Bucket-Handle Tear of Acetabular Labrum 


Accompanying Posterior Dislocation of the Hip 


BY THOMAS B. DAMERON, JR., M.D., RALEIGH, NORTH CAROLINA 


Posterior dislocation of the hip, unassociated with a fracture, is not usually 
difficult to reduce if there is adequate relaxation from anaesthesia. When the ace- 
tabular labrum is torn and caught between the femoral head and acetabulum, 
satisfactory closed reduction is impossible 

When a femoral head dislocates posteriorly, It must go through a defeet in 
the capsule between the cartilaginous labruin and the acetabulum or through the 
bony posterior portion of the acetabulum. When the cartilaginous labrum is sepa- 
rated from the acetabulum by the femoral head, it may be displaced in a manner 
similar to a bucket-handle tear in a knee meniscus. If the femoral head brings the 
torn cartilage ahead of it into the acetabulum as it is being reduced, a derange- 
ment occurs Which prevents anatomieal reduction and necessitates surgical inter- 
vention. 


R.E.W., a white male, thirty vears old, was brought to the emergency room on May 18 
1957, after having been injured in an automobile accident. Roentgenograms of his pelvis (Fig. 1) 
revealed that the right hip was dislocated posteriorly. The hip was manipulated under spinal 
unaesthesia It was noticed that, as the femoral head was re placed im the iwetabulum, there was 
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big. 3, A: Osborne incision of right hip showing the split glutaeus maximus muscle. 
The piriformis muscle is retracted superiorly. The T-shaped rent in the capsule is 
lateral to the sciatic nerve. 

Figs. 3, B and 3, C: Involution of the glenoid labrum and periosteum. 


The hip was approached through a posterior Osborne incision (Fig. 4). A T-shaped tear 
was seen in the capsule The hip redislocated posteriorly easily. With strong traction on the 
femur, the cartilaginous labrum could be seen within the joint. It was pulled out to its normal 
position with a blunt hook. Two holes were then drilled into the acetabulum, and the carti- 
laginous labrum was sewn to the bone with chromic catgut sutures. After this was done 


the hip was stable beyond 90 degrees of flexion. Buck’s traction was applied postoperatively. 
On the second postoperative night, disorientation caused the patient to remove the traction 
ind get out of bed. This action had no apparent harmful effect on the hip. He was allowed 
to walk with crutches after three weeks, and began full weight-bearing after six weeks (Fig. 4) 


Fic. 4 
Roentgenogram of pelvis after patient had begun weight-bearing 
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The patient returned to work in August 1957 and when last examined on August 23, 1958, was 
working regularly. He had very little pain and a full range of motion of the hip. 


COMMENT 

The role of an intervening acetabular labrum preventing reduction of a pos- 
terior dislocation of the hip has not been recorded in the English literature except 
for the report of Paterson. Incarceration of a bone fragment in the acetabulum has 
long been recognized. It is seldom overlooked on roentgenographic examinations. 
There is unanimity in recommending operative treatment for this condition. A 
torn acetabular labrum incarcerated between the joint surfaces is more difficult 
to diagnose and unless specifically looked for may go untreated. 

Paterson stated that in his patient with soft-tissue interposition (Case I), the 
hip was quite stable. Apparently the hip is less stable if the femoral head does not 
seat fully into the acetabulum due to a defect in the posterior buttress of the ace- 
tabulum, for the patient’s hip redislocated when flexed to more than 45 degrees. 
After dislocating in this position the femoral head could be brought back into the 
acetabulum with ease, but the clunk which is characteristic of the dislocated hip 
was not heard. When this eclunk is not heard during the reduction of a dislocated 
hip an intervening torn acetabular labrum should be suspected and an antero- 
posterior roentgenogram of the pelvis and both hips obtained. 

A difference in the width of the joint spaces suggests soft-tissue interposition 
At surgery when the labrum was reattached it seemed to serve a useful purpose in 
preventing redislocation of the femur. On the second postoperative night this pa- 
tient sat up, got out of bed, and walked, with no apparent harm to the hip. Although 
Paterson excised the torn labrum, I feel that this strong structure has an impor- 
tant function and should be replaced if possible. 


SUMMARY 


A tear of the acetabular labrum with interposition following the reduction of 


posterior dislocation of the hip should be suspected when: (1) the femoral head 
does not clunk into the acetabulum at the time of the reduction, (2) the hip is un- 
stable after manipulation even though there is no fracture, and (3) the roentgeno- 
grams of the pelvis show the femoral head to be resting further from the acetab- 
ulum on the affeeted side than on the non-affected side. The fibrocartilaginous 
labrum should be reattached to the acetabulum. 
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Coxa Plana, Its Genetic Aspects and Results of 


Treatment with the Long Taylor 
Walking Caliper 


A Lonc-Trerm Fo.Liow-up Srupy * f 


BY R. M. WANSBROUGH, M.B., A. W. CARRIE, M.D., N. F. WALKER, PH.D., 
AND G. RUCKERBAUER, M.A., TORONTO, ONTARIO, CANADA 


From the Research Institute of the Hospital for Sick Children, Toronto 


About 1909, the clinical application of the x-ray allowed Legg in America, 
Calvé in France, and Perthes in Germany to distinguish from tuberculosis of the 
hip a new syndrome which commonly bears their name. Waldenstr6ém of Sweden, 
another pioneer investigator, named it coxa plana and this describes well the de- 
formity that will usually evolve if the anomaly is left untreated. In the present 
study, the patients treated for coxa plana prior to 1950 at the Hospital for Sick 
Children, Toronto, have been re-assessed. Of the 212 recorded cases, it has been 
possible to trace, question, and re-examine clinically and roentgenographically, 
129 patients (Table I). 


TABLE I 


REVIEW 234 Cases INDEXED AS CoxaA PLANA 


of Cases 


Included in study 
Examined and x-rayed 


Excluded from study 
Untraced 
Traced, but not seen 
Deceased 
Total cases, coxa plana 


Not coxa plana 
Following congenital dislocation 
Following fracture or dislocation 
Slipped upper femoral epiphysis 
Osteochondritis 
Following osteomyelitis 
Gaucher's disease 


The earliest case of coxa plana that the Hospital for Sick Children has on 
record was treated in 1917, and the longest period of follow-up is about twenty-six 


years (Table II). Some over-all clinical features were: (1) 105 male patients 
and twenty-four female, (2) twenty-three patients with bilateral disease, and 


*This study was initiated and directed by Dr. R. M. Wansbrough. His untimely death in 
May 1956 makes the completion and publication of the results of his study a memorial to 
his lifelong interest in this disease. 

*This work was supported by funds granted by the Province of Ontario, under the National 
Health Grants Programme of the Department of National Health and Welfare, Ottawa, 
Ontario, Canada. A preliminary report on this study was made to The Canadian Orthopaedic 
Association in June 1955. 
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(3) twelve patients with family history of coxa plana. Our eases adhered to the 
classic clinical picture; the ratio of incidence was four boys to one girl, onset 
occurred usually between the ages of four and nine, and symptoms started with a 
limp followed by pain in the hip, or, less frequently, in the knee (Table III). 
Examination in the early stages showed spasm of the muscles about the hip, with 
limitation of internal and external rotation, and of abduction, together with atro- 
phy of the thigh and calf. The roentgenographie changes throughout the course 


TABLE II 
TIME FROM ONSET OF SYMPTOMS AND FROM COMPLETION OF TREATMENT TO RE-EXAMINATION 
Period of From Onset From Completion 


Follow-up of Symptoms of Treatment 
(Years (No. of Cases) (No of Cases) 





5 to 10 
10 to 15 
15 to 20 
Over 20 


of the disease suggest an initial necrosis of the femoral head in part or in whole, 
followed by resorption of the dead bone, and almost simultaneous replacement 
with new bone (Figs. 1-A through 1-F). In addition to the classic early signs of 
increased density of the head of the femur, metaphyseal cavitation, and lateral 
metaphyseal erosion, we observed subarticular lines of decalcification. The diag- 
nosis should not depend on flattening of the head or fragmentation. As our pa- 


TABLE III 
Symptoms Present WHEN TREATMENT Was SouGHt 


Symptoms No. of Cases 





Limp 


Limp and hip pain 


Limp and knee pain 


Hip pain 
Knee pain 
Mise € ll neous 


tients were treated by non-operative methods, we can add nothing to what is al- 
ready known of the pathological changes in the bone 4-10-1878, 

The present study supports the current belief that coxa plana is a disease of 
constitutional origin and not due to local infection or injury of the hip. Minor 
injuries and systemic infection may, however, precipitate this disease. Hospital 
records show that in fifty-eight cases there was no precipitating factor; in 
forty-seven there was minor trauma; in six, moderate trauma; in fifteen, infec- 
tion; and in three, there was no information. 

Twelve of our patients had relatives who are known to have had coxa plana, 
and a further seven have unexamined relatives with a limp or hip trouble of un- 
known etiology. In genetic terms, from an analysis of the sibs born subse- 
quent to 124 probands in our pedigrees, the frequency of the occurrence of coxa 
plana was found to be one in thirty-five. Compared with the incidence in the 
general population of one in 20,000, the difference is highly significant. The pat- 
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tern of inheritance based on the present pedigrees was found by Ruckerbauer to 
be a sex-influenced, autosomal dominant with reduced penetrance and varying 
expression. Statistical analysis did not support a recessive mode of inheritance. 

Goff '* found a family history of the disease in 20 per cent of the cases he 
studied, and Stephens and Kerby ** were able to trace this disease through 
five generations in one family, finding twenty-eight cases in the sixty-three chil- 
dren examined. The bilateral occurrence of the condition also points to a con 
stitutional origin. The disease was bilateral in 20 per cent of our patients, in- 
cluding monozygotic male twins, each with bilateral coxa plana **. A recent paper 
of Ponseti ** suggested that the basic defect may be in the epiphyseal plate. 

Thyroid dysfunction has been suggested by many as a factor in coxa plana, 
but this has been disproved more convincingly than it has been proved 17", 
There is nothing in the present study to suggest that excess fluorine is a factor in 
the disease. 

General agreement is lacking as to what is the best treatment for coxa plana. 
Legg *' felt that the disease ran a self-limiting course, and Sundt ** supported 
him in this view. However, Danforth ® and later Eyre-Brook * recognized that if 
weight-bearing could be prevented, flattening and broadening of the femoral 
head and neck would be greatly reduced, and if this treatment could be started 
early in the course of the disease, a nearly normal anatomical reconstitution of 
the femoral head would be obtained. Since prevention of deformity of the femoral 
head would seem to give the best guarantee against subsequent arthritis, accepted 
treatment has been directed mainly to prevent weight-bearing. While it would 
seem that simple bed-rest would achieve this satisfactorily, few children can be 
kept from getting up on their hands and knees, or from slipping out of bed 
when they are not watched. Because of these difficulties, special splints were em- 
ployed by Pike ** and Goff? for use in bed. These require supervision, usually 
with hospitalization of the patient, for up to three years, thus interfering with 
the educational and social development of the child. The cost of such hospitali- 
zation can amount to several thousand dollars. 

In order to overcome these latter criticisms, orthopaedic surgeons have used 
different methods of ambulation without weight-bearing on the affected extrem- 
ity either as the entire treatment, or to supplement an initial period of complete 
bed-rest. Until 1930, the Hospital for Sick Children used a Thomas type of 
caliper; but, as this did not prove satisfactory, a Taylor type of caliper, with 
a high shoe on the normal side, was then used for the majority of patients. For 
those with unilateral coxa plana, this splint is used throughout the course of 
the disease, and for bilateral, after a period of bed-rest has allowed one hip to 
heal sufficiently to bear weight (Figs. 2-A and 2-B). The importance of careful 
home supervision of the child in his brace is emphasized to the parents, and the 
child is re-examined at three-month intervals to make certain the brace is in 
good repair and that the child is not scuffing his shoes. In this splint, the 
weight is transmitted to the caliper from the ischial tuberosities by means of 
straps which pass under the latter from a bar around the waist. If the child 
loosens the straps to allow his foot to touch the ground, the upper bar catches 


him under the armpits, making the splint most uncomfortable. Special stools 
have been constructed with the seat fashioned like a bicycle seat to allow the 
child to sit without removing the brace. Using this stool, the child is able to at- 
tend classes at school. Because of the frequent later involvement of the second 
side, the course of the disease is followed by roentgenograms made to show both 
hips. Lateral views are necessary to judge the degree of bone regeneration, 
and these are made with the child in the frog-leg position. The splint is usually 
worn until regeneration is complete. 

In order to compare the end results of our treatment by the Taylor caliper 
with the results of other centers and methods, our cases have been divided into 
excellent, good, fair, and poor results by the two most commonly used methods 
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Fig. 1-A 


Figs. 1-A through 1-F: Patient M. B. Roentgenograms showing changes from onset of coxa 
plana through follow-up 


Fig. 1-A: Condensation. 


Fic. 1-B 


Fragmentation 


Fic. 1-C 


Re generation 
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Fic. 1-D 


At completion of treatment. 


Twelve years after treatment. 


Fic. 1-F 
Twelve years after treatment 
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Fic. 2-A Fic. 2-B 
Long Taylor walking caliper used at the Hospital for Sick Children 


of classification. The first method is the comprehensive quotient of Heyman and 
Herndon *° which measures only the anatomical deformity of the femoral head, 
neck, and acetabulum. The second is the method of Levy and Girard 7? which 
takes into consideration the presence or absence of pain, and the degree of lim- 
itation of movement, and of shortening of the affected extremity, as well as the 
deformity of the femoral head. It is interesting to note that in 88 per cent of 
our cases the patients are similarly divided into excellent, good, fair, and poor 
results by the two methods. Both the degree of restriction of movement and the 
amount of shortening parallel the anatomical deformity of the femoral head. It 
is unfortunate that in nearly every reviewed series, the author has devised his 
own method of assessing end results, thus making over-all comparisons difficult. 
Two other factors make comparison of different series difficult, one being the 
uge of the pate nt at the onset of the disease, and the other the stage to which 
the disease has advanced when treatment is started. The effect of the age of the 
patient on the end result is illustrated in Charts IT and IT. Only excellent 
and good results were obtained in children under the age of five, while no ex- 
cellent results were obtained in those over ten 

The stage to which the disease has advanced when treatment is started has 
an equally striking effect on the end result, for no form of treatment, available 
at the time of writing, will correct a flattened femoral head and broadened 
femoral neck, if these are present at the start of treatment. The duration of 
symptoms, clinically, does not always indicate the stage to which the disease 
has progressed as shown by roentgenograms (Table IV). 
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TABLE IV 


RELATION BETWEEN THE DURATION OF SYMPTOMS AND THE STATUS 
OF THE DiseASE WHEN First SEEN IN ROENTGENOGRAMS 


Stage of Disease as Seen by Roentgenograms 
Duration of Very Very 
Symptoms Early Early Advanced Advanced 
( Months) (No. of Patients) (No. of Patients) (No. of Patients) (No of Patients) 





Less than 11 
one 

Two to 
thre e 

Four to 
SIX 

More than 


seven 


Thus it must be realized that a comparison of different series of cases is 
valid only if they can be shown to have the same age distribution relative to 
diagnosis of early, moderately advanced, and advanced cases. Nevertheless, 
a general comparison of the various reported series of cases (Table V) certainly 
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Age distribution at onset of coxa plana. 
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TABLE V 


CorreELATION or ENp Resutt witH TREATMENT Usep 1N DiFFERENT SERIES 
REPORTED IN THE LITERATURE 


Excellent Good Fair Poor 
Treatment (No. of (No. of (No. of (No. of 
Patients) Patients) Patients) Patients 


None 
Levy and Girard ‘ 9 
Mindell and Sherman ‘ 
Broder , 1 
Ratliff 4 
Hospital for Sick Children 5 
Total > + = 16 per cent Y 4 84 per cent 
Non-ambulatory 
(a) Bed-rest or plaster 
Mindell and Sherman 
Karly 
Late 
Broder 
Hospital for Sick 
Children 
b) Bed-rest with splints 
or traction 
Goff 1 
Ratcliff 18 f 8 
Total (a) £+G 57 per cent Y¥ + P = 43 per cent 
Total (b) J i 60 per cent °*4 P= 40 per cent 
Ambulatory 
(a) Thomas caliper 
Levy and Girard 
Broder 
Hospital for Sick 
Children 
(b) Taylor caliper 
Hospital for Sick ‘ ¢ 10 
Children 
Total (a) f 4 = 30 per cent , 4 = 70 per cent 
Total (b) a + = 75 per cent . = 25 per cent 
Combined bed-rest with later 
ambulation in Thomas caliper 
Herndon and Heyman 21 : 4 
Total {+ G = 80 per cent .4 = 20 per cent 


shows that the prevention of weight-bearing, by any means, gives a much better 
result than that obtained without treatment, and indicates that ambulation in a 
long ‘Taylor walking caliper produces just as satisfactory results as prolonged 
bed-rest in splints. 


More definite proof of the efficacy of the Tavlor caliper is given by a study 
of the changes in the comprehensive quotient =0 throughout the course of the 


disease (Table VI). As a general rule, in’ the satisfactorily treated cases, the 
comprehensive quotient remains the same, or improves, from the time of diag- 
hosis to the time of completion of treatment 

From ‘Pable VI it can be seen that any change in the comprehensive quotient 
in the five to fifteen-year period after completion of treatment is usually for the 
hetter. In cases diagnosed early, a period of about twenty-eight months is re- 
quired for complete regeneration of the femoral head. If the disease is not 
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TABLE VI 


SHANGES IN THE COMPREHENSIVE QUOTIENT DurING TREATMENT OF CoXa PLANA 
IN THE Lona Taylor WALKING CaALiper. SUMMARY OF TWENTY-FivE CASES 


At End After Years of Follow-up 
Patient At Onset of Treatment 5 10 15 
(Per cent) (Per cent) (Per cent) (Per cent (Pe r cent 


diagnosed until the stage of fragmentation or early regeneration, three to 
five years are required. In the majority of cases the comprehensive quotient 
at the time of follow-up, five to twenty years later, approximates very closely 
that at the start of treatment, and shows that the treatment achieved its pur- 
pose; it prevented further flattening and deformity of the femoral head and neck 
during the period of reabsorption and healing. 

Since this treatment has given such good results in a majority of the patients, 
the use of the long Taylor walking caliper would seem to be the method of 
choice in patients with unilateral disease, and in those with bilateral disease 
after a period of bed-rest has allowed one side to heal sufficiently to bear weight 
Thus a further examination of the failures in this group of patients treated 
by the Taylor caliper is indicated to see if further improvement could be ob- 
tained. Of the twenty patients with poor and fair results, the disease was far 
advanced in twelve when treatment was started. There are, thus, eight patients 
with an unexplained fair or poor result; poor cooperation would seem to be the 
major cause of failure in these. This is, of course, a failure in the method of 
treatment, and probably indicates that if progressive flattening of the head is 
seen as the child is followed by roentgenograms at three-month intervals, sterner 
methods must be taken to secure cooperation, Greater surveillance is possible 
when the child is treated in a hopsital, in braces or casts, but it is doubtful i 
any method of treatment can guarantee an excellent result if the child is de- 
lermined to bear weight on the affeeted limb 

The recent work of Harris and Hobson ' with rabbits suggested that pene- 
tration of the epiphyseal plate and curettage might hasten regeneration in the 
older child with slow healing. We have had no experience with drilling, and the 
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The effect of age in those patients treated in the Taylor caliper 


reported results of drilling ** do not appear to be as satisfactory as those 
obtained by conservative methods. This might well be due to failure to prevent 
weight-bearing after drilling until complete regeneration has occurred; the use 
of a Taylor caliper after operation might improve the results of this procedure. 

While there is some shortening of the affeeted lower extremity at the com- 
pletion of treatment, due to disuse, the amount of shortening that persists into 
adult life parallels the deformity of the femoral head. In the group of patients 
with excellent results who were treated by the Taylor caliper, the average short- 
ening was less than one-quarter of an inch; in those with good results, between 
one-quarter and one-half of an inch; in those with fair results, about five-eighths 
of an inch; and in those with poor results, about three-quarters of an inch. Two 
patients did not adhere to this, showing shortening of one inch or more with a 
well re-formed femoral head. One child wore braces for five years, and was 
left with one and one-quarter inches shortening and a comprehensive quotient 
of 80 per cent. Another child still had one and one-quarter inches shortening 
two years after completion of treatment at the age of twelve, but may still re- 
gain length 

Fight patients were treated by sling and crutches. These showed consider- 
able shortening at the end of treatment with an average of about one inch 
This group of eight had either good or excellent regeneration of the head and 
neck of the femur: the shortening took place in the eg bones. Most of these are 
regaining length with the passage of time, but one still showed one and one- 
quarter inches shortening four years after completion of treatment at the age 
of thirteen. 
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A study of the patients with bilateral disease provides some observations of 
interest. As a general rule the second side is recognized earlier, treated sooner, 
requires less time to heal, and has less residual deformity than the first side. 
The disease does not usually begin on both sides simultaneously, changes be- 
coming evident in the second hip from six months to two and a half years after 
the first. As the disease is bilateral in 10 to 20 per cent of the patients, it is im- 
portant to make roentgenograms of both hips in following the course of the 
disease. 

In assessing the end result in the 129 patients variously treated, we have 
been impressed by the fact that even when there is marked residual deformity 
of the femoral head, the patient is often able to continue well into middle life 
without serious disability. One patient, a thirty-seven-year-old man, was a fore- 
man in a city water department. He has to climb in and out of trenches, and 
does so without pain in his hip. After a hard day’s work, however, he noticed a 
little limp. In the 129 cases, hip fusion was necessary in one for relief of pain; 
in another, an arthroplasty of the hip was done; and, in a further five, there was 
enough disability to interfere with their work. It is a general observation 
that the older the child at the time of onset, the poorer the prognosis; in three 
of the five patients with disability the disease developed after the age of ten. 
\ study of the patients who reached the fifth, sixth, or seventh decade of life 
will be required to determine the true incidence of osteo-arthritis. We studied, 
roentgenographically, the hips of a patient with coxa plana, and those of his 
father, and paternal grandfather. Both the father and grandfather had had trou- 
ble with their hips sinee childhood—very likely the same condition. At the time 
the roentgenograms were made the grandfather had disabling arthritis. When 
these deformed femoral heads are compared with those resulting from adequate 
treatment it can be seen that proper care may eliminate the anatomical deform- 
ity which leads so often to arthritis 


SUMMARY AND CONCLUSIONS 


Follow-up studies from five to twenty-six years were made of 129 patients 
with coxa plana. The patients were treated mainly by ambulation in splints 
which prevented weight-bearing on the affected hip. This study suggests that the 
long Taylor walking caliper will prevent deformity of the femoral head just as 
well as the more drastic methods of bed-rest in splints. The Taylor caliper is a 
better method of treatment than sling and crutches, as the latter seems to lead 
to considerable limb-length discrepancy. Sinee the Taylor caliper allows the child 
to remain with his parents and to continue his social and educational develop- 
ment, we believe it is the treatment of choice in patients with unilateral disease 
throughout the course of the disease, and in those with bilateral disease after a 
period of bed-rest has allowed one hip to heal sufficiently to bear weight. 
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Treatment of Tennis Elbow (Epicondylitis) 


by Denervation 
BY EMANUEL B. KAPLAN, M.D., NEW YORK, N. Y. 


From the Department of Anatomy, Columbia University and Hos} ital 
for Joint Diseases, New Yorl 


The syndrome known as tennis elbow, or epicondylitis, presents three essen- 
tial characteristics. There is persistent and sometimes intense pain over the lateral 
and posterior aspects of the radial epicondyle, there is pain on extension of the 
wrist and thumb, and weakness of hand grasp. 

The pathological changes associated with this triad of symptoms are un- 
known. The treatment is beset by frequent failures, as testified by the great va- 
riety of methods of treatment which have been suggested. 

In order to find the reason for the persistent pain and in the hope of finding 
a more successful method of treatment, an investigation was undertaken by the 
author. This consisted in anatomical dissections of the region with the intention 
of establishing whether the peculiarities of local struetures could be responsible for 
the pain 

The nerve distribution to the lateral aspect of the elbow was considered a 
possible factor responsible for the symptoms. The investigation was, therefore, 
concentrated on the character of the nerve supply of this region. According to 
Hilton’s law, articular branches are supplied by nerves which contribute to the 
muscles moving the corresponding joint. 

A personal investigation of the nerve supply of the lateral aspect of the elbow 
joint confirmed the findings of Gardner and his collaborators '** and of other in- 
vestigators **", It also permitted the addition of a few details as to the variability 
of the nerve supply. Important additional information was obtained from recent 
investigations by Stilwell who described nerve distribution in tendons, aponeu- 
roses, and fasciae and their termination. He found proprioceptive endings in the 
aponeuroses and especially in retinacula suggesting the possibility of kinesthetic 
function of these nerve endings. 

The classic investigations of Gardner pertaining to the nerve supply of joints 
in general have indicated the complexity of the problem of articular pain. Minute 
nerves are distributed along the arterioles which penetrate the capsules of the 
joints There are in addition a variety of nerve endings in the periarticular struc- 
tures 

Although the actual pathology of epicondylitis is not known, it is suspected 
that the pain and weakness are associated with the complex nerve distribution of 
the region and might, perhaps, be due to some irritating factor affecting these 


nerves 


ANATOMY OF NERVE SUPPLY TO THE ANTEROLATERAL REGION OF THE 
HUMERUS AND HU MERORADIAL JOINT 


In a personal limited study of this region thirty elbows of adults were dis- 
sected. The investigation was concentrated on the nerve supply of the lateral epi- 
condyle and the humeroradial joint. It was found that the periosteum and fibrous 
structures of the lateral distal end of the humerus are supplied mostly by branches 
of the radial nerve. These branches originate from the main trunk of the radial 
nerve after it traverses the lateral intermuscular septum at a point almost. in- 
variably ten or eleven centimeters proximal to the tip of the lateral epicondyle on 
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the lateral epicondylar line of the humerus. After traversing the lateral septum, 
the radial nerve continues its course distalward first between the brachioradialis 
musele on the outer side and the brachialis muscle on the medial side and then 
between the brachioradialis and the biceps brachii (Fig. 1). 

About four to five centimeters distal to its emergence from the posterior com- 
partment of the arm in the interval between the biceps and the brachioradialis, 
the radial trunk gives off a branch on its lateral side. This branch may remain 
single or divide into two or three filaments. It continues its course separately, 
but parallel to the main trunk, until it reaches the brachioradialis muscle on its 
deep surface where it is distributed to the substance of this muscle. This is the 
nerve to the brachioradialis. Another branch emerges from the main trunk, usu- 
ally from the medial side, one or two centimeters distal to the nerve of the brachi- 
oradialis. This second branch can be traced to the periosteum of the lateral epi- 
condyle, to the anterior structures of the humeroradial joint, and to the orbicular 
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ligament of the proximal end of the radius. A third branch, coming either from 
the common trunk or from the anterior division of the radial nerve on the lateral 
side, can be traced to the deep surface of the extensor carpi radialis longus mus- 
cle. This branch gives off twigs to the humeroradial joint. 

The common trunk of the radial nerve in its passage from the intermuscular 
septum to the point of its terminal division into two branches, appears to be 
twisted on its long axis. There are fairly constant reference points suitable for the 
location of the main trunk of the nerve and its branches. 

The division of the common trunk into two terminal branches takes place 
most frequently about four or five centimeters proximal to the humeroradial joint, 
less frequently about two centimeters distal to this point, and occasionally just in 
front of the joint. The anterior terminal sensory branch of the radial nerve is 
superficial, while the posterior motor branch is deep. 

The radial nerve crosses from the posterior to the anterior compartment of 
the arm, in the average individual, at a point which is almost invariably ten cen- 
timeters to the tip of the lateral epicondyle. 

With the elbow in full extension the humeroradial joint lies one centi- 
meter distal to the bi-epicondylar line, or the line uniting the tips of the medial 
and lateral epicondyles. The radial nerve or its anterior branch crosses in front 
of the humeroradial joint at a point on the bi-epicondylar line two centimeters 
medial to the tip of the lateral epicondyle. The nerve supply to the lateral epi- 
condylar region originates from the main trunk of the radial nerve as this nerve 
passes along the groove between the brachioradialis and the biceps muscle. All 
the nerves which furnish this supply are located between a point about four to five 
centimeters proximal to the bi-epicondy lar line, and a second point three to four 
centimeters distal to this same line. 

The musculocutaneous nerve represents an important guide to the location of 
the radial nerve. In the arm, the musculocutaneous is deeply situated between the 
brachialis and biceps brachii. It does not usually appear in the epicondylar region 
until it pierces the antebrachial fascia about two to four centimeters proximal to 
the bi-epicondylar line and medial to the cephalic vein. It then runs along the 
lateral border of the biceps tendon in close proximity to it. A longitudinal incision 
in the antebrachial fascia lateral to the musculocutaneous nerve leads to the 
groove between the biceps and the brachioradialis where the trunk of the radial 
nerve is found. The musculocutaneous ierve supplies the brachialis muscle; be- 
fore piercing the fascia it sends an anterior branch to the periosteum of the an- 
terior surface of the distal end of the humerus. This branch was described by 
tiidinger. It anastomoses with a branch of the median nerve and runs to the 
most medial part of the distal end of the humerus. A similar anastomosis is oc- 
casionally found between a branch of the musculocutaneous and the radial artic- 
ular branches supplying the lateral epicondylar region. No such anastomosis was 
found in the author's present dissections 

A branch from the long nerve to the anconeus muscle supplied the posterior 
aspect of the olecranon region. This branch was found to run for a short distance 
to the olecranon. It did not reach the posterior aspect of the lateral epicondyle 


APPLICATION 


It appeared possible that interruption of the greatest part of the articular 
nerve supply to the lateral epicondyle would bring relief from pain in epicondyli- 


tis 


A. M., a white woman, forty-six years of age, had severe epicondylitis of the right elbow 
of about two years’ duration. Conservative treatment consisting in injections into the epicon- 
dyvlar region, immobilization, and physiotherapy did not give relief. On March 9, 1957, op- 
eration was done at the Hospital for Joint Diseases with the patient under general anesthesia 
Denervation of the epicondylar region was done as described. The patient was immediately 
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relieved of pain and has had no complaints in the region of the right epicondyle since the 
operation. She was discharged March 13, 1957. At the last examination on June 13, 1957, the 
patient was completely relieved of epicondylitis and the operation was considered to be 


Sucee ssful 


W \ t Negro man, fiftv vears of age emploved as a dining-car cook, had severe com- 
plaints of pain with weakness of grip and fingers and pain on extension of the thumb and 
index finger. He was treated several months with physical therapy and injections of procaine 
No relief was obtained. On March 27, 1957, operation was done on the left elbow at the Hos 
pital for Joint Diseases with the patient under general anaesthesia. Complete and immediat« 
postoperative relief of pain was obtained. The patient. was discharged on April 2, 1957. The 
patient has not had any pain since the operation and has returned to work. He was re-ex- 
unined on July 31, 1957, and on July 8, 1958 


J. D., a white male, plumber for the New York Public Library, forty-four years of age, 
had marked epicondylitis of the right elbow. No relief was obtained from physical therapy 
He was admitted to the Hospital for Joint Diseases on March 23, 1958. He was operated 
upon on March 24, 1958, under general anaesthesia. Denervation of the radial epicondyle and 
radiohumeral joint was performed. The patient was discharged April 1, 1958, and was last 
seen on June 7, 1958. A card subsequently received from the patient while on vacation, stated 
that he was absolutely without pain and had been able to return to his work 


As a preliminary test for the effectiveness of denervation, the periosteal and 
articular branches of the radial nerve are blocked by injecting al per cent solu- 


tion of procaine. If following the injection the patient has immediate relief of 
pain and is able to extend the thumb and wrist without discomfort, he is then 
considered a suitable candidate for the operation of denervation. 

The technique employed for the nerve block is as follows: 

The bi-epicondylar line is identified by palpation of the medial and lateral 
epicondyles. The needle is introduced at a point on this line one centimeter medial 
to the lateral epicondyle or just medial to the brachioradialis muscle. By direct- 
ing the needle posteriorly it reaches the common trunk of the radial nerve at a 
point just proximal to the radiohumeral joint. The exact site for injection is de- 
termined by advancing the needle until it contacts the anterior surface of the 
humerus at a depth of 1.5 to two centimeters. It is then withdrawn slightly and 
the anaesthetic injected 


OPERATIVE TREATMENT 


\ curved incision, parallel to the medial contour of the brachioradialis mus- 
cle, is made on the anterior surface of the elbow. The incision is located between 
the brachioradialis and the biceps brachii (Fig. 1). It starts about six to eight 
centimeters proximal to the bi-epicondylar line and ends about four to five cen- 
timeters distal to the line. The antebrachial fascia is exposed and the cephalic 
vein identified. About two to four centimeters proximal to the bi-epicondylar line 
lateral to the tendon of the biceps brachii, the musculocutaneous nerve is recog- 
nized as it emerges through the fascia and runs distally parallel to the tendon 
of the biceps. The antebrachial fascia is incised parallel and lateral to the mus- 
culocutaneous nerve from one end to the other of the skin incision. Retraction of 
the fascia exposes the groove between the brachioradialis and the biceps muscle. 
This groove is filled with fat. Gentle blunt separation of the fatty tissue permits 
exposure of the trunk of the radial nerve and its branches. Exposure of the trunk of 
the nerve also uncovers the anterior recurrent radial artery which runs on the 
medial side of the radial nerve proximalward to join the radial collateral artery 
(branch of the deep brachial artery) deep to the nerve. The brachioradialis muscle 
is retracted laterally and the biceps tendon and muscle together with the musculo- 
cutaneous nerve are retracted medially. This opens to view, throughout the length 
of the ineision, both the radial nerve and its branches. The articular branches can 
be identified and followed to their termination. Usually, the musele branches 
emerge from the main trunk on the lateral side and the articular branches on the 
medial side in the supracondylar region. However, it is not difficult to follow the 
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branches to the epicondyle and the humeroradial joint and thus avoid destruction 


of the muscle branches. 

The anterior sensory and the deep motor terminal branches of the radial 
nerve run closely together until the motor branch reaches a small opening in the 
supero-anterior border of the supinator muscle, just distal to the orbicular ligament 
of the radius. At this point not infrequently a branch is detached from the motor 
division of the radial nerve which runs to the deep surface of the extensor carpi 
radialis brevis and supplies this muscle. 

After exposure of the trunk of the radial nerve, it is lifted gently and the 
articular branches are identified and excised completely from the anterior and 
lateral surface of the epicondyle. Bleeding from the small arteries covering this 
area is easily controlled. 

After excision of these nerve branches, the muscles and nerves fall into their 
normal relationship. Only closure of the skin is necessary. 

The operation is not difficult and only a short period of hospitalization is 
necessary. The relief from pain is immediate. To the present there have been no 
recurrences in the three patients treated by this method. 
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Tissue reactions to foreign bodies range from the one extreme of chemical 
gangrene and violent inflammation to the other in which there is minimal ob- 
servable change. It is doubtful whether any foreign body within the connective 
tissue truly causes no reaction whatsoever. Whenever one examines tissues which 
have contained foreign bodies for periods of longer than a few days, some degree 
of cellular reaction, however slight, is seen. The mechanism or mechanisms by 
which this reaction is mediated are not understood. Most of the materials which 
have been shown to elicit the minimal reactions have been metallic, plastic, or 
crystalline, and are very sparingly soluble in tissue fluids. Thus, where foreign 
bodies elicit only minor tissue reactions, it is not known whether mechanical 
stimulation of cells provides the principal stimulus to reaction or whether the 
chemical properties of the substance are also a factor. 

Despite the increasing frequency with which many foreign materials are 
being implanted surgically, the resulting need for assay methods to compare their 
relative effects has not been met. Two major obstacles hamper this type of in- 
vestigation. One is the difficulty of determining quantitatively the degree of tissue 
reaction, and the other is the difficulty in characterizing the stimulus. The present 
attempt to devise an assay of tissue reaction to a mildly or minimally provoca- 
tive foreign body began with the hypothesis that increasing the surface area of 
the material exposed to tissue fluids would increase the tissue reaction to the 
material. The obvious method of comminution of a material presented an attrac- 
tive means by which sparingly soluble materials could be made to present dif- 
ferent areas of surface to tissue fluids, and it was hoped that materials consid- 
ered inert in implantation experiments involving large implants could be shown 
to increase their reactivity when the surface of the implant was increased. The 
degree of success of the assay method is illustrated in this report and several 
methods are described, some of which were found only theoretically applicable 
at present but of interest in the further dev lopment of more suitable procedures. 


MATERIALS AND METHODS 


The procedure developed consisted in pulverizing certain metals into fine 
particles, injecting them subcutaneously into rats, and examining the histological 
reactions at the Injection sites at intervals 

Pulverizing of metals has become a separate specialized branch of technology 
because of numerous commercial applications. Recent texts #1! describe methods 
for production of particles and sampling procedures, all of which are pertinent 
to the subject but are too general for discussion here. The sources consulted in 
the development of the methods used included, in addition to texts and technical 


journals, consultations with various experts**. No specifie methods now in use 


Aided by grant #RG 4251, National Institutes of Health 

** Prof. John Wulff, Massachusetts Institute of Technology, gave general direction to the 
metallurgi al aspects ol the problem Prof Charles Richards, Massachusetts Institute of 
echnology, suggested the mechanical comminution by means of the vibratory mill, and Prof. 
Truman Licht, Boston College, supervised the inorganic chemical analyses. The journals of 
many disciplines contain the pertinent technical studies—for example, ceramics, metallurgy, 
engineering chemistry, and mineralogy—but no single one may be cited as representative of 
the field 


152 THLE JOURNAL OF BONE AND JOINT SURGERY 





ASSAY OF FOREIGN-BODY REACTION 153 


elsewhere were found fully applicable to the particular needs of this experiment. 
The method finally arrived at is here given in detail. 

A rough sizing of powder samples was first done by sedimentation. Samples 
of powders obtained from commercial sources or obtained from industrial labora- 
tories (Table I) were prepared for sedimentation by shaking them overnight 
either in saline or in distilled water with a drop of Tween 20, or in acetone. The 
suspensions were then placed in test tubes 1.5 centimeters in diameter and ten 
centimeters high and observed at intervals under incident light and under a 
dissecting microscope. Additional precautions to aid in minimizing conglomera- 
tion of particles consisted in boiling the suspensions before shaking or using 
other solutes, but substantially the same results were obtained in all instances. 


Complete sedimentation of the powders occurred in ten minutes to one hour by 
the following criteria: The supernatants were clear and contained no sedimenting 
particles under the conditions of observation; the precipitate was heavy and 
showed 94 to 102 per cent recovery by weight of the amounts of powder suspended. 


Microscopie examination of the suspension before sedimentation showed in the 
case of each powder, except Ta-2, a large preponderance of particles which ranged 
from ten to forty micra in diameter, measured by the mean linear intercept of 
Martin. Ta-2 showed particles mostly from five to twenty micra in diameter. 
Because of the relative sparsity of particles smaller than five micra in diameter, 
further determinations of size distribution were not made on these specimens. 

Since finer powders than those listed were desired, pulverizing of cobalt 
chrome alloy, stainless steel, type 316, and low carbon mild steel was attempted 
by ball milling. A special vibrating mill was used embodying the principle of 
an eccentrically loaded axis activating a carriage on springs. Chambers and balls, 
one-quarter of an inch in diameter, of the desired metals were fabricated. To 
avoid contamination with other materials, each metal chamber with balls of the 
same metal and suspending fluid was milled separately, yielding particles which 
were abraded from the surfaces of the balls and the mill chamber. Continuous 
violent agitation of the chambers first yielded variable amounts of large particles 
which settled essentially as did the powders previously described. The yields of 
particles from the chambers were not great at first, but after a week of continuous 
operation, the steel chambers began to yield larger amounts of dark suspensions 
of particles, and after a month of continuous operation the cobalt chrome cham- 
ber also yielded suspensions of similar turbidity. For the next four months of 
operation, the chambers yielded suspensions of similar and rather constant tur- 
bidity in overnight runs. These suspensions did not settle appreciably on stand- 
ing (the eriteria have been previously described). When allowed to remain on 
the shelf in distilled water, none of the suspensions showed sedimentation in 
one to two weeks. The mild steel powder began to settle after four weeks of 
standing, while the type 316 steel powder settled only after four months and the 
cobalt chrome powder after six months. The supernatant liquid of these suspen- 
sions then appeared clear 

Sizing of the freshly milled metallic suspensions was attempted by centrifuga- 
tion, after methods based on nephelometry and differential filtration had failed. 
The nephelometer was inefficient with these suspensions because of their high 
turbidity; cellulose filters clogged rapidly for the same reason. At 500 revolu- 
tions per minute (25 « G) complete sedimentation of the three types of powder 
was obtained in ten minutes or less by the criteria previously enumerated. Cal- 
culated from the formulae of Svedberg, particles of a density eight grams per mil- 
liliter which sediment under the conditions of the centrifugation have a mean 
diameter greater than 0.06 micron. From Stokes’ law, the caleulated diameter 
for particles which settle on standing ten to sixty minutes In a beaker ten centi- 
meters high, their density being eight grams per milliliter *, equalled 0.4 to one 
micron. Thus sedimentation and centrifugation of individual runs from the mills 
were used to estimate the rough size distribution of the powder obtaimed in cach 
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run. If the suspension did not settle on standing and sedimentation was brought 
about by centrifugation at 500 revolutions per minute in repeated determinations, 
the size distribution was taken to be between 0.5 and 0.05 micron, allowances 
being made for the experimental errors due to convection currents, Brownian 
movement, and inaccurate measurement of the speed of rotation of the centrifuge. 
The particle size distributions of a few mill runs were checked by measurements 
made on electron photomicrographs, and two examples of the distributions are 
tabulated in Table I]. Measurements were made on the photomicrographs to 


~~ 


_ 


Vv 


e 
_ 


Fia. 1 


Cobalt chrome alloy powder suspensions (x 26,800). The particles are 
granular or oblong. Some degree of agglomeration of particles is present 
because of preparation of specimen by evaporation of solute on grid. 


the nearest millimeter, and it was from these measurements that a calculation 
of the surface area was made. Since the particles were oblong or square on the 
electron photomicrographs (Fig. 1) and since there was very little difference in 
the shape of the particles of cobalt chrome compared with particles of steel type 
316, the size distributions of each of these powders could be calculated in the 
same way. The cobalt chrome particles were slightly smaller than the steel, but 
were comparable within the factors of error of measurement and sampling. For 
purposes of calculation of particle volume and surface area, the assumption was 
made that each particle rested on the grid with the long axis flat and that the 
thickness equaled the width. This introduced an error of overestimation for 
the thickness but eliminated the need for shape factors in the calculation. From 
the data given and the known density of the materials the surface area per milli- 
gram of each powder was calculated to be about 500 square centimeters. This 
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type of calculation was used to determine the surface area of metal exposed to 


the tissues by each injected sample. 

Injectable samples were prepared by filling each chamber of the mill with 
boiled glass-distilled water after the mill chamber and balls had been thoroughly 
cleaned. Overnight runs of the mill yielded samples approximately 300 milliliters 
in volume containing from 0.3 to 0.5 gram of powder. Each injection sample 
contained 0.25 milligram of the powder. The slurry was removed from the cham- 
ber and allowed to stand for one hour to determine whether settling had occurred. 


If not, aliquots were then removed for weighing, centrifugation, culture, and 
preparation of injections. By calculations from the dry weight of aliquots, the 
volumes of the injections could be so chosen to deliver equal weights of powder 
to each animal. Generally the volumes used were 0.2 to 0.4 milliliter. Bacterial 
cultures of the slurries uniformly showed no growth so that sterilization was not 


TABLE I 


DISTRIBUTION OF PARTICLE S1ZES IN MILLED PowbErRs 


Volume in Steel Type 316 Cobalt Chrome Volume in uw’ Steel Type 316 Cobalt Chrome 
Vo. of Particles) Vo. of Particles) 


801 , ( is 
344 2 17 
161 y ¢ 120 
108 ; 2 51 
53 r ol 
64 ‘ 14 
16 ) 2 7 
39 


IS 


deemed necessary. Sterile disposable syringes with rubber-lined plungers were used 
for the injections because the powder caused glass syringes to bind and they were 
impossible to clean thoroughly once used. Each animal received, in the left flank, 
a subcutaneous injection of a suspension of steel and in the right flank a similar 
injection of cobalt chrome alloy. When other powders were being tested, a similar 
routine was used so that each animal provided two test specimens when sacri- 
ficeed. During the first stages of the experiment adult rats as well as weanling 
rats were used, but as the experiment progressed and little difference was noted 
in histological preparations from weanling as against young adult and older ani- 
mals, the experimental animals chosen were weanlings. Each animal was kept 
in a separate wire suspended cage under standard laboratory conditions. Over 
500 rats were used, and each sacrifice period, with the exception of the year-long 
experiment, included at least ten rats. The year-long experiments were completed 
on only seven rats. In addition to the above animals, twenty-eight young adult 
hamsters were also used in the experiment. There were no essential differences 
in tissue reactions from those in the weanling rats. 


RESULTS 
The tissue reaction to the coarse powders listed in Table I were studied for 
the following intervals: two days, four days, one week, two weeks, and one 
month. No differences were noted in the type of degree of reaction elicited. At 
two days, grossly the skin showed slight hyperaemia but very little thickening. 
The grey powder was very easily found at the site of injection. When the skin 
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was peeled from the muscle and fascia by blunt dissection, the powder was found 
adhered to the skin from which it could be scraped only by sharp dissection. 
The gross appearance of the tissue was little changed from the normal except 
for the grey residue in it. Occasionally injections were at a deeper level than 
the subcutaneous, and deposits of powder could be found in the abdominal muscle 
or in the breast tissue. Here, too, the powder lay spread out in tissue planes with 
little oedema and no gross inflammation. The powder seemed to spread over 
larger areas subcutaneously, however, and their extent averaged two by three 
centimeters in the subcutis and only one by one centimeter in the muscle layer. 
Specimens from animals sacrificed at longer intervals than two days did not 
show any appreciable difference in gross reaction to that described above. 


Four-day reaction to cobalt chrome powder (x 170). Cellular reaction is 
mainly polymorphonuclear. Powder is entirely extracellular. 


Microscopically the degree of inflammation around the particles was very 
mild. A few mononuclear and neutrophilic leukocytes were evident at two and 
four days following injection and by one week the neutrophiles were no longer 
to be seen, and only a few fibroblasts and mononuclear cells were present. Mini- 
mal phagocytosis of particles was evident in many of the sections, including those 


made of specimens representing tissue reactions of one month’s duration. The 


reaction at that time consisted of minimal fibrous tissue adjoining the particles 
and afew mononuclear cells and lymphocytes. 

The tissue response to fine powder of cobalt chrome differed significantly 
from that to coarse powder microscopically ; grossly the reaction was not very 
different. Even after one year in the tissues, the grey powders could easily be 
found, although surrounded by a slight and progressively greater thickening of 
the tissue. This thickening was appreciable by the second day after injection 
and was most apparent after one month. In the specimens studied representing 
two, three, four, six, and twelve months after injection, little difference could be 
seen grossly in the thickening of tissues containing the cobalt chrome powder. 
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Microscopically, even the two-day specimens revealed significant reactions. 
Moderate numbers of polymorphonuclear leukocytes infiltrated the tissue near 
the powder and for two or three low-power fields around it. A few mononuclear 
cells were also present, none of which showed phagocytosis of powder particles 
(edema was only moderate. After four days (Fig. 2), the number of polymorpho- 
nuclear leukocytes decreased somewhat; and, after one week, no significant num- 
ber was found. The mononuclear cells were somewhat more numerous and after 


Fic. 3 


l'wo-week reaction to cobalt chrome powder (X 240). Fibrosis is minimal. 
Powder remains primarily extracellular. A few phagocytes contain granules. 


two weeks (Fig. 3) a few of them showed phagocytosis of metallic granules. The 
largest part of the injected metal remained in layers extracellularly and sur- 
rounded by a small amount of fibrous tissue. In specimens from animals sacri- 
ficed four months (Fig. 4), six months, and one year (Fig. 5) after injection, 
the number of mononuclear cells was small and many contained phagocytosed 
netallie particles so that the amount of powder extracellularly located was mod- 
erately diminished from that in earlier specimens. The largest portion of the 
injected powder apparently remained in an extracellular mass. The degree of 
fibrosis around the cobalt chrome powder was progressively greater with time 
until about three months after injection, but thereafter no significant increase 
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Four-month reaction to cobalt chrome powder (x 170). Re- 
action continues to be one of slight fibrosis and most of the 
powder is extracellular. 


in fibrosis was noted. In the later specimens, the mononuclear cells were fewer, 
and most of them contained metallic granules. 

The tissue response to the fine powder of steel type 316 was greater in degree 
than the tissue reactions to coarse powder particles or to fine cobalt chrome 
powder. Grossly this was not evident in the two or four days after injection 
when compared with the reactions from cobalt powder on the contralateral side 
of the same animal. The specimens obtained one week after injection definitely 
showed greater thickening of the connective tissues and increased oedema. Thick- 
ening was not of palpable degree; it was only evident after the animal was 
skinned and the grey steel powder was located. The thickening was then found 
to be diffuse and often extended to the neighboring muscle layer to which some 
adhesion at the site was evident. The specimens obtained four, eight, and twelve 
weeks after injection showed progressively denser thickening of the area. In the 
six-month specimens, however, the reaction was identified with difficulty because 
the exact location of the powder was hard to find in the animals which now 
had a thick panniculus. The reactions in the one-year-old specimens were even 
harder to identify compared with the continued localized collection of cobalt 
chrome powder on the opposite side. For this reason, where the grey powder could 
not be identified with certainty either by inspection or by transili!umination of 
the skin, sample sections gridding the area were taken. By this technique, residual 
powder always could be recognized microscopically. 

Histologically, the specimens obtained four days after injection (Fig. 6) 
revealed larger accumulations of leukocytes around the powder than in the cobalt 


chrome specimens. The area of reaction was also somewhat larger and more 
oedematous. At two weeks, however, the differences were striking (Fig. 7). Large 
numbers of mononuclear cells were present, many containing finely divided metal 
granules which stained with Prussian blue. Leukocytiec accumulations persisted 
even to the second week while the mononuclear cells became more numerous and 
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One-year reaction to cobalt chrome powder (x 170). Reaction of the muscle to the powder 
ranges from slight to negligible. A few phagocytes are scattered among the muscle fibers. 
Fibrosis is minimal. 


often encapsulated the extracellular masses of powder. Specimens (Fig. 8) ob- 
tained one month after injection showed significant fibrosis, continuing mononu- 
clear accumulation, and phagocytosis of particles and apparent decrease in the 
amount of powder remaining extracellularly. Specimens obtained two and three 
months after injection revealed progressively fewer mononuclear cells, but exten- 
sive fibrosis, and in the specimens obtained six months and one year after injec- 
tion, only a little powder could be found, principally in the intracellular location, 
dispersed within a rather large fibrous mass (Figs. 9 and 10). 

Until the six-month specimens were obtained, interest was centered exclu- 
sively in a localized reaction of the subcutaneous tissue and muscle containing 
the powders. When dissemination of the powders was evident, sections were taken 
routinely of the lung and occasionally of the breast. The six-month and one- 
year specimens revealed iron granules in the macrophages of the lung. While the 
pulmonary distribution is in accord with that described for other so-called inert 
particulate materials injected, for example, vital dyes and India ink, uninjected 
old rats often showed iron deposits in the lungs similar to those demonstrated 
in these animals. 

Tissue reactions to fine powders of mild steel were grossly inflammatory in 
all the specimens examined. In the one-week specimens, it was uniformly seen 
as purulent accumulations which measured one to two centimeters in diameter. 
The one-month specimens contained purulent material thickly encapsulated with 
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Four-day reaction after injection of the fine powder of steel type 316 
200). Powder is noted as layers, mostly extracellular. Cellular reaction 
is primarily polymorphonuclear and mononuclear 


fibrous tissue. Similar gross appearances were seen in the specimens obtained 
from injection sites of silica (partical size ten to twenty millimicra)*. 
Microscopically, the effects of the low-carbon mild-steel, fine powder and fine 
silica powder were those of acute inflammation which persisted actively over the 
entire one-month observation period. Micro-absecesses were numerous and con- 
tinuing inflammation of acute type, with outpouring of fibrin, oedema, and leuko- 


cytes was evident throughout, while fibrosis was extensive by the end of the 


one-month period of observation. 

Summarizing the microscopic observations, the reactions may be divided into 
four categories. The minimal reaction was elicited by all of the coarse powders 
used. A mild reaction was elicited by cobalt chrome alloy powder of fine particle 
size. A moderate reaction was elicited by stainless-steel powder of fine particle 
size. The severe reaction was elicited by fine powders of mild steel and silica. 


DISCUSSION 


The investigation of tissue reactions to implanted metals has a long history, 
based principally on studies of histological reactions to large implants. From 
these studies, observers have concluded that only a few metals and plastics are 
inert as far as eliciting inflammation is concerned. The present experiments have 
shown that inertness is relative and that, in the form of fine powders, even those 
materials considered least provocative of inflammation, will cause appreciable 
tissue reaction. A single substance (for example, type 316 steel) may elicit only 
minor inflammatory change when exposed to tissues as coarse powder, while 

* Prepared for injection in samples containing comparable surface areas to those used 


for other powders. The particle-size determinations are those of the supplying company, and 
the assumption was made that the particles were spherical. 
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Two-week reaction to the fine powder of steel type 316 (x 170). The 
reaction is now nodular with fibrosis at the periphery. There are intra- 
cellular as well as extracellular iron-containing granules and many mono- 
nuclear cells 


with finer comminution significant changes are noted. Similarly, reactions to pow- 
ders of different metals may be indistinguishable at one degree of comminution 
while a finer particle size will easily differentiate them. 

While it is undoubtedly true that comminution may alter the surface char- 
acteristics of a material, the most apparent alteration is that of surface area. 
As calculated for each injected sample of the fine powders, the surface area was 
far greater than that of the solid implants used in previous studies. The tissue 
exposure in the present experiments was concentrated within a much smaller vol- 
ume. These factors may have led to summation or potentiation of the inflammatory 
reaction. Under the conditions of the experiment and, indeed, wherever metals 
have been implanted, the surface exposed to the tissue probably consisted of 
metallic oxides or hydroxides, but during the period of the experiment, changes 
in the particles probably occurred. The sudden sedimentation in vitro of particles 
after months of standing in turbid suspension indicates some change, probably 
oxidation and formation of hydroxides, and it may be assumed that similar 
alterations occurred in the tissues. 

The solubility in water or in dilute electrolyte solutions of each of the metals 
or their hydroxides or oxides at the pH range ordinarily present in tissue does 
not exceed five parts per million. Hence it is probable, for shorter experimental 
intervals at least, that no large fraction of the injected powders was dissolved. 
It is also probable that, after the first few days of acute reaction, subsequent 
chronic reaction to the powders was based on interaction of hydroxides and tissue 
fluid at the particle surface. 

Only a few investigators in the field of experimental pathology have pro- 
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fine powde r of steel tvpe 316 (« 170). Less 


One-month reaction to the 
phagocytosis of granules and 


extracellular powder is now seen with more 
more monocytic reaction 


vided material pertinent to discussion of these studies. With reference to metallic 
particles, Bailey and his associates described implantation in the central nervous 
system of tantalum in the form of particles 10 to 50 micra in diameter; the reac- 
tions were analogous to those seen for most of the coarse powders in this study. 
MeCord and his associates demonstrated chemical gangrene with gas formation 
from the subeutaneous implantation of small particles of magnesium (size not 
determined) while large spicules merely caused moderate inflammation. They re- 
viewed the literature on other light metals such as aluminum and showed that 
when implanted as powders they too evoke an inflammatory response more marked 
than seen in the present study Schultz and Williams were the only investigators 
working on tale granuloma who considered particle-size distribution as well as 
the variable composition of tale as an important factor in the production of 
Inflammation. 

The major field of experimental pathology 
tissue reactions to sparingly soluble materials in particulate form is that con- 
been concerned with pulmonary 


in which investigators evaluated 


cerned with silica. These studies have usually 
reaction although Swensson and his associates described toxicity to intravenous 
injection of particles of silica into mice, the smaller particles being more toxic 
than the larger ones. The remarkably divergent conditions in pulmonary and 
~ubeutaneous tissues as test sites for reaction are illustrated by the different types 
of cells exposed, the different factors influencing dispersion and different mechan- 
isms of disposal of irritants. Nevertheless the data derived from studies of silica 


toxicity are informative and probably parallel inasmuch as they are concerned 
with the surface of small particles and its influence on the type of tissue reaction. 
Interest in particle sizes in these studies stems in part from the industrial dust 
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Six-month reaction to the fine powder of steel type 316 (x 170). Here the reactive 
tissue is mainly fibrous with many granule-laden macrophages interspersed between 
the fibers 


problem, and it is interesting that there is so little information on the toxicity 
of dusts. With the increasing applications of powder metallurgy, further experi- 
mentation in this field seems indicated 

Hounam investigated the colloidal properties in inert dusts in vitro and 
pointed out that the charge on the hydrophobic sol particle influenced the stabil- 
ity of the suspension. He suggested that toxicity of dusts is related to the stabil- 
ity of suspensions which in turn depends on the degree of charge. In his experi- 
nents, ferrie oxide formed a stable suspension although without charge and he 
scribes this unusual situation to hydration of the particles. The applicability of 
these suggestions to metallic dusts implanted as aqueous suspensions rather than 
inhaled rests on the similar partiele size distribution of the silica to that of the 
metal powders used, the polyvalent character of the principal components (Si, Fe, 
Cr, and Co) and the similar low solubility in water and dilute electrolytes of 


the materials used. The marked differences in reaction between tissue exposed 
to silies dust and to the fine powders of cobalt chrome alloy and stainless steel 
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One-year reaction to the fine powder of steel type 316 (x 170). Large amounts of 


powder are still seen extracellularly as well as intracellularly. Marked fibrosis con- 


tinues. 


type 316 are evidence that Hounam’s suggestions while pertinent to the stability 
of suspensions do not explain the differences in tissue reactivity. 

Setting aside the reactions of the individual compounds of the surface layers 
with those of the tissues as too speculative for discussion, the most attractive 
explanation for variation in degree of reaction is that there may be variation 
in the number of metallic hydroxide molecules available to the tissue fluids for 
reaction. While this number, in initial exposure of the materials to tissue, is 
larger with increasing comminution of particles, the possibility of further in- 
crease during the course of the experimental exposure resembles in essence one of 
the principal problems encountered in the phenomenon of metallic corrosion 

The literature in this field is extensive and generally is not of interest to 
those occupied with biological studies. LaQue states that the degree of protection 
which the surface film on a metal provides for the metal against the corrodent 
will be the critical factor in the rate of corrosion. Since different elements in 
any environment react to varying degrees with each of the constituents of alloys, 
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or even to minute impurities in the metal, materials may not be validly classified 
according to absolute scales of corrosion resistance except in relation to standard 
testing conditions in the environment. Now, tissue fluid is so complex and capable 
of so much variation that it is doubtful whether any material may be com- 
pared with another with regard to its corrodibility in tissue except on an empirical 
basis. It should be pointed out, however, that the corrosion rate of many materials 
tested in dilute electrolytes or in sea water approximates in general, their com- 
parative ability to elicit tissue reaction as judged by assay methods based on 
implantation of large test specimens. Thus tantalum, cobalt chrome alloy, stain- 
less steel type 316°, and titanium” all have been considered non-provocative 
of significant tissue reaction. In water, none of these materials show significant 
weight loss. This is also true in dilute saline *. In LaQue’s galvanic series based 
on potentials in sea water, all show low values; some show a significantly wide 
range of values, especially in the stainless-steel series. It is to be hoped that 
more refined methods of corrosion testing will reveal the essential factors in the 
composition of these materials which relate to their corrodibility in tissue fluids 
In-service tests, however, will still constitute the ultimate measure of the degree 
of reaction of tissues to metallic substances. 

The experiments reported here have illustrated a method which may be ap- 
plied to most metals for assay of their ability to provoke tissue reaction. Further 
refinements along the lines indicated may be of practical value for development 
of a better method of assay and to elucidate the mechanism of tissue reaction 


to foreign bodies 


CONCLUSIONS 


1. A method is deseribed for comparison of metallic substances with refer- 
ence to their capacity to evoke inflammation when used subcutaneously. 

2. Powders of the test metal may be compared with similar powders of other 
metals by injeeting suspensions of them into animals and examining the his- 
tological reaction at intervals. 

3. By this method, very fine powders of several substances including type 


316 stainless steel, and a cobalt chromium alloy were compared. All showed some 
de 


‘gree of reaction, the least being evoked by the cobalt chrome alloy. 
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The Practical Importance of Synovial- 
Fluid Analysis * 


BY J. GEORGE FUREY, M.D., WILLIAM 8S. CLARK, M.D., AND KATHERINE L. BRINE, A.B., 
CLEVELAND, OHIO 


From the De partment of Orthopaedic Su gery and the Arthritis Seri ice, University Hospitals, 
Western Reserve University School of Medicine, Cleveland 


A group of three relatively simple laboratory procedures performed on syno- 
vial fluid has been of great assistance to us in establishing earlier and more 
accurate diagnoses in the various forms of joint disease. These tests are a total 
and differential leukocyte count, an evaluation of the quality of the mucin con- 
tent by a method of acetic-acid precipitation, and the determination of the dif- 
ference between the concentrations of the serum and synovial-fluid sugars. They 
have been described in a monograph by Ropes and Bauer which also reports 
other data derived from analyses of synovial fluid from more than 1,500 patients 
and normal subjects. The results of synovial-fluid examination on 119 patients 
(Tables I, II, and III) with various forms of arthritis studied at University 
Hospitals in Cleveland have been similar to those reported by Ropes and Bauer 
and have led to the conclusion that these tests are of significant value in dif- 
ferential diagnosis. These tests were performed mainly for assistance in diagnos- 
tic problems arising in the Arthritis Clinic and wards of University Hospitals. 
It will be shown that in many instances synovial-fluid analysis can provide an 
important clue or actually establish a correct diagnosis early in the course of 
the disease. It should be emphasized that, as with other laboratory procedures, 
synovial-fluid analysis cannot supplant a thorough history and physical examina- 
tion, although it can provide invaluable additional information. 


PROCEDURES 

Synovial fluid is aspirated by the usual technique while the patient is fast- 
ing, preferably for twelve hours. The fasting state is necessary for significant 
determinations of differences between the serum and synovial-fluid sugar concen- 
trations. This difference is influenced by a normal lag of glucose transport across 
the synovial membrane. At least three milliliters of synovial fluid are necessary 
for the performance of the three tests. One milliliter is mixed with powdered 
oxalate to be used for the cell count and for smears. Both leukocytes and erythro- 


cytes are enumerated in a counting chamber after the synovial fluid has been 
diluted in saline in a white cell pipette in place of the usual white cell dilutent 
which contains acetic acid. The differential count is made on a thin cover-glass 
smear stained with Wright’s stain. As will be shown later, the total leukocyte 
count does not normally exceed 200 cells per cubie millimeter and the total 
erthrocyte count, 2,000 cells per cubic millimeter. 

Sugar determinations and mucin precipitation tests are performed on a non- 


oxalated aliquot. Serum and synovial-fluid sugar can be determined by the macro- 
method of Folin or by various modifications of the Somogyi micromethod. The 
difference between normal synovial-fluid and serum sugars does not exceed 20 
milligrams per 100 cubic centimeters in the fasting state. 

In the mucin-precipitation procedure, 0.1 milliliter of 7-normal acetic acid 


* Read at the combined meeting of the Orthopaedic Research Society and The American 
Academy of Orthopaedic Surgeons, New York, N. Y., February 1, 1958 
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is added to 1.0 milliliter of synovial fluid diluted with 4.0 milliliters of distilled 
water. Normal synovial fluid produces a characteristic precipitate which appears 
as a tight ropey clump in a clear solution. In diseases with severe inflammatory 


reactions of the synovial membrane, degradation of hyaluronate presumably 
occurs and the character of the acetic-acid precipitate is loose and _ stringlike 
with cloudiness of the surrounding solution. Four grades of mucin precipitation 
ure recognizable—namely, normal, fair, poor, and very poor (Fig. 1). 

A third portion of synovial fluid should be collected in a sterile tube for 
culture purposes if the leukocyte count or other studies suggest infectious arthritis. 
Further smears with bacterial stains can be made from the oxalated aliquot when 
indicated 


RESULTS 
On the basis of these tests, Ropes and Bauer have grouped the majority 
of arthritides into two categories based on the degree of inflammation of the 
synovial membrane as reflected by the synovial-fluid changes. The first group, 
consisting of degenerative arthritis, neuropathic arthropathy, and post-traumatic 
arthritis, is associated with mild inflammatory reactions and an increased amount 


TABLE I 


119 Cases or SyNoviaL-FLUmp ANALYSIS 


Degenerative arthritis 
Traumatic arthritis 
Neuropathic irthropathy 


Lupus erythematosus 
Rheumatic fever 
Pigmented villonodular synovitis 


Rheumatoid arthritis 
Gout 

Tuberculous arthritis 
Pyogenic arthritis 


Diagnosis not established 
Non-specific bursitis 
Chondromalacia patellae 
Periarteritis nodosa 
Reiter’s syndrome 
Intermittent hydrarthrosis 
Sickle-cell anaemia 


5 et OO oN OO 


Total 


to 
=~ 


of fluid, but no significant change in the number of leukocytes, sugar concen- 
tration, or the quality of the mucin. The second group is characterized by more 
severe inflammation of the synovial membrane and includes rheumatoid arthri- 
tis, gout, tuberculous, and pyogenic arthritides. An intermediate group of unre- 
lated conditions—systemic lupus erythematosus, pigmented villonodular synovitis, 
and acute rheumatic fever—may have some distinguishing characteristics of the 
synovial fluid, although these are not usually diagnostic. 

The results of the application of these tests in a group of 119 patients with 
diagnostic problems (Tables I, II, and III) compare favorably with identical 
studies performed by Ropes and Bauer. Twenty-three patients in Group I had 
consistent findings with an average leukocyte count in those with degenerative 
arthritis of 500 cells per cubie millimeter and with the differential count show- 
ing a marked predominance of lymphocytes. The average serum-synovial fluid 
sugar difference in patients with degenerative arthritis was 9 milligrams per 
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100 cubic centimeters. The synovial fluids from forty-one patients with rheuma- 
toid arthritis had an average leukocyte count of 10,400 with 55 per cent poly- 
morphonuclear neutrophils. Ropes and Bauer reported 152 patients with rheuma- 
toid arthritis with average leukocyte counts of 15,000 and 65° per cent 
polymorphonuclear neutrophils. Our average sugar difference in these patients was 
22.5 milligrams per 100 cubic centimeters. The considerable variation in leukocyte 
counts noted in the patients with rheumatoid arthritis (Table III) is caused 
by the varying degrees of inflammation characteristically encountered in this dis- 
ease. This must be considered when interpreting these tests as overlapping with 
infectious arthritis can be expected. Further means of differentiation will be 
elucidated. Our experience with tuberculous arthritis is not sufficient to draw 
conclusions, but Ropes and Bauer reported twenty-seven patients with average 
leukocyte counts of 19,500 and 60 per cent polymorphonuclear neutrophils. An 
arbitrary figure of leukocyte response for differential diagnosis of rheumatoid 
arthritis and tuberculous arthritis is not feasible. A significant observation has 


TABLE II 


Group I Resutts 


Degenerative Arthritis 19 cases 


Mucin precipitate Normal 11 
Fair S 
Leukoevte count High 1900 
Average 500 
Low 50 
Polvymorphonuclear neutrophils Average 13% 
Sugar difference High 19 mgs 
Average 9 megs 
Low 0 mg 
Traumatie Arthritis 
Mucin precipitate Normal 3 
Leukocyte count High 1500 
\verage 1200 
Low 800 
Polvmorphonuclear neutrophils Average 5% 
Sugar difference High 12 mgs 
Average 6 mgs 
Low 3 mgs 
Neuropathie Arthropathys 1 
Mucin precipitate Normal 
Leukocyte count 300 
Polymorphonuclear neutroph 38% 
Sugar difference 15 mgs 


been made, however, that in early cases of tuberculous joint involvement. there 
is a predominance of lymphocytes with a high total leukocyte count *. Little dif- 


ficulty was encountered in detecting the pyogenic joint infections as the leukocyte 
counts averaged 62,000 with 85 per cent polymorphonuclear neutrophils in six- 
teen patients. The serum and synovial-fluid sugar difference in these was the 


greatest in the whole series, averaging 50 milligrams per 100 cubie centimeters. 
A consistent reciprocal relationship between the total leukocyte count and sugar 
difference in Group IT patients was encountered throughout this study. 

The determination of the sugar difference is of greatest importance in the 
differential diagnosis of infectious arthritis. The presence of infection in a joint 
has long been known to be characterized by a decrease in concentration of syno- 
vial-fluid sugar, perhaps due to the large number of leukocytes present or an 
increase in metabolism of the inflamed synovial membrane !35:7-% A’ sugar dif- 
ference of 20 milligrams per 100 cubic centimeters has been found by Ropes and 
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Bauer to be the upper limit of normal and is characteristic of Group I patients. 
\ vreater sugar difference has been observed in rheumatoid arthritis of more 
than six months’ duration, but has not been of the magnitude seen with infec- 
tious arthritis. The degree of inflammatory activity in rheumatoid arthritis is 
reflected in the sugar difference as well as in the leukocyte count. It is pertinent 
to the conelusions of a reciprocal re lationship between cell count and sugar dif- 
ference that patients with rheumatoid arthritis, following treatment with corti- 
a significant reversal of these patterns. Moreover, the quality of 


sone, will have 
the mucin precipitate also may show improvement during steroid therapy *°°. 


TABLE Il 


Groupe IL Resuits 


Rheumatoid Arthritis 
Mucin precipitate Normal 
Fair 
Poot 
Very 
Le vt co High 
\ ige 


Polymorphonuclear neutroph y erage 
Sugar difference High 
(Average 
Low 
C,out 
Mucin precy t Normal 
Fair 
High 
Average 
Low 
phonuc neu \verage 
difference High 
Average 
Low mgs. 
cases 
Fair 
High 58.300 
Low 2,200 
Average 88% 
High 10 mgs 
Low 32 mgs 
Pvogenic Arthritis 16 cases 
Mur In precipitate Normal 
Fait 
Poor 
Verv Poot 
Leukocyte cour Hig! 366,000 
\verage 62,000 
Low 12,200 
Polymorphonuclear neutrophi \verage 85% 
Sugar differs High 150 mgs 
\verage 50 mgs 
Low 15 mgs. 


The quality of the acetic-acid mucin precipitate is of greatest value in dif- 
ferentiating Group II cases from those of Group I. Traumatie and degenerative 
arthritides are most frequently associated with a normal mucin precipitate while, 
in our experience, rheumatoid arthritis has very rarely been associated with a 
normal precipitate. In the latter disease, the mucin is usually found to be poor 
or very poor. Similar degradation of the hyaluronate occurs in the infectious 
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arthritides and in most instances a poor or very poor precipitation is observed. 
Some diagnostic difficulty was encountered in the ten patients with rheumatoid 
arthritis with fair or normal mucin precipitation (Table III). The lowest leuko- 
cyte count in this group was 6,000 and in all there was a predominance of poly- 
morphonuclear neutrophils. As stated initially, the biggest asset of this test is 
the high degree of accuracy in ruling out degenerative or traumatic conditions in 
patients with poor or very poor mucin precipitation tests. 

The results of these tests in patients with gout resemble the response in 
those with rheumatoid arthritis, but synovial-fluid analysis is rarely of value 
in that diagnosis in gout depends on an elevated serum uric acid. 

Pigmented villonodular synovitis is not associated with characteristic changes 
in regard to these three tests, but inspection of the aspirated fluid shows evi- 


POOR VERY POOR 
Fia. 1 


The four grades of mucin precipitation photographed in glass 
beakers on a black background. (Reproduced with the permission 
of the authors and publishers: Ropes, M. W., and Bauer, Walter 
Synovial Fluid Changes in Joint Disease. The Commonwealth 
Fund, Harvard University Press, 1953.) 


dence of signifieant joint hemorrhage, and on spinning down the erythrocytes, 
xanthochromia ean frequently be demonstrated 4. 

The Joint manifestations of systemic lupus erythematosus ure occasionally 
indistinguishable from rheumatoid arthritis, but in striking contrast, the muein 
preeipitate has practically always been found normal (Ropes and Bauer, thirteen 
Causes; present series, two cases). This may be apparent at the time of aspiration 
When difficulty withdrawing the viscous fluid is observed. This is in marked 
contrast to the less viscous fluid in rheumatoid arthritis. The inflammatory reae- 
tion in systemic lupus eryth HiaLOSUS, aS judged hy the |e ukocyte count and the 
sugar difference, is mild. 

The joint manifestations of rheumatic fever are usually evanescent and the 
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results of the synovial-fluid are not distinctive. It is interesting that a moderate 
leukocyte response occurs with a normal mucin precipitate and this may occa- 
sionally be of help in the differential diagnosis. 


CASE HISTORIES 


Case 1. R.H., an unemployed laborer, fifty-eight years old, had trouble with his left 
knee for several years prior to an operation performed in 1941 at another hospital The 
pathological report was acute and chronic villous synovitis and degeneration of both menisci 
\ synovectomy and bilateral meniscectomies were carried out. Similar difficulty subsequently 
occurred in the right knee; and, in 1953, at a second hospital, a patellectomy and synovectomy 
of the right knee were performed. The pathological diagnoses were villous synovitis and 
chondromalacia of the patella. The patient was seen in the Arthritis Clinic in 1956 with 
continued severe bilateral knee pain and swelling. He also had minor complaints regarding 
both ankles, wrists, and elbows. 

Examination of the left knee revealed moderate swelling and increased heat, as well 
is marked lateral and posterior instability. The right knee was not swollen or warm, but 
demonstrated only 80 degrees of flexion with pain. There was thickening and tenderness 
ibout both ankle joints but no limitation of motion. Diffuse rather mild psoriasis of the 
skin was noted. Roentgenograms of both knees showed marked degenerative joint changes 
ind absence of the patella on the right. The corrected sedimentation rate (Rourke-Ernstene 
method) was 08 millimeter per minute (normal 04 millimeter per minute) and the serum 
uric acid was 58 milligrams per 100 cubic centimeters 

Synovial-fluid analysis was carried out with the following results: white blood count, 
300 cells per cubic millimeter of which 60 per cent were lymphocytes and 40 per cent were 
monocytes; red blood count, 1,850 cells; serum sugar, 67 milligrams per 100 cubic centimeters; 
ind synovial-fluid sugar, 65 milligrams per 100 cubic centimeters; mucin precipitation was 


normal 


The possibility of rheumatoid arthritis in addition to the degenerative 
changes in the knee demonstrated by roentgenogram was quite conclusively ruled 


out by the synovial-fluid findings There were several points in this man’s his- 
tory, physical findings, and laboratory examinations which strongly suggested 


rheumatoid arthritis. Subsequent follow-up of this patient, in whom degenerative 
arthritis was treated conservatively, proved our initial diagnosis. 


Case 2. M. G., a widow, sixty-seven vears old, was admitted to University Hospitals in 
July 1956 because of inability to walk of four days’ duration. The right knee had been caus- 
ing trouble for five months, and there was a history of trauma to this joint twenty years 
previously. She also gave a history of “mild arthritic complaints for many years”. Examina- 
tion revealed swelling and increased heat in both knees with pain on manipulating the right 
one. Some swelling was also noted in the left wrist and metacarpophalangeal joints. Rather 
severe Heberden’s node changes were present in both hands. Roentgenograms revealed degen- 
rative arthritic «changes in both shoulders, both hands, and both knees with more marked 
narrowing of the right joint space. The corrected sedimentation rate (Rourke-Ernstene meth- 
od) was 1.2 millimeters per minute 

t time showed the following white blood count 


Svnovial-fluid analysis carried out at tha 
22,650 cells per cubic millimeter of which 86 per cent were polymorphonuclear neutrophils 
6 per cent lymphocytes, and 8 per cent monocytes; serum sugar, 102 milligrams per 100 
eubic centimeters and synovial-fluid sugar 96 milligrams per 100 cubic centimeters; mucin 


precipitation was poor 


These findings helped to confirm the diagnosis of rheumatoid arthritis which 
Was somewhat clouded by the minimal preceding symptoms and diffuse degen- 
erative arthritic changes seen on roentgenographic examination. The high leuko- 
cyte count, high percentage of polymorphonuclear neutrophils, and poor mucin 
precipitate left little doubt that her complaints were due to a severe inflammatory 
process and not to the degenerative changes. On a recent follow-up examination 
this patient demonstrated further typical rheumatoid arthritie changes 


“se 3. KR », a fourteen-vear-old Negro boy was admitted to University Hospitals in 
January 1958S with complaints of bilateral swollen painful knees of three weeks’ duration 
There was no preceding infection or trauma, but he had had mild intermittent pain in 
the right hip for eighteen months. Two weeks before admission, his family doctor aspirated 
the left knee and injected hydrocortisone. This knee subsequently became more swollen and 
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painful than the right. Examination revealed the joint changes were limited to both knees 
which were markedly swollen. The left knee demonstrated greater warmth and tenderness 
Both joints were painful on manipulation. Temperature on admission was 101.3, and the 
changes in the knee were the only apparent causative factor. Roentgenograms of both hips 
and knees were normal. 

On admission, January 28, 1958, synovial-fluid analysis was carried out on specimens 
from both knee joints. 

Left knee: white blood count, 80,000 cells per cubic millimeter of which 88 per cent 
were polymorphonuclear neutrophils, 4 per cent lymphocytes, 8 per cent monocytes; serum 
sugar, 67 milligrams per 100 cubic centimeters and synovial-fluid sugar, 35 milligrams per 
100 cubic centimeters; mucin precipitation was very poor. 

Right knee: white blood count, 28,150 cells per cubic millimeter, of which 91 per cent 
were polymorohonuclear neutrophils, 4 per cent were lymphocytes, and 5 per cent were mono- 
cytes; serum sugar, 56 milligrams per 100 cubic centimeters and synovial-fluid sugar, 51 milli- 
grams per 100 cubic centimeters; mucin precipitation was very poor 

The findings in the left knee as compared with those in the right knee were interpreted 
as showing an infectious arthritic response presumably secondary to the previous injection. 
Accordingly he was treated with antibiotics; and, within a few days, the left knee showed 
progressive clinical signs of improvement, and his fever subsided. Cultures and smears of 
synovial fluid failed to reveal the specific organism, but it was not felt that this ruled out 
in infectious arthritis. 

Serial analyses on January 30, 1958, of synovial fluid aspirated from the left knee fol- 
lowing antibiotic therapy showed the following: white blood count, 63,200 cells per cubic 
millimeter of which 86 per cent were polymorphonuclear neutrophils, 5 per cent were lympho- 
cevtes, and 9 per cent were monocytes; mucin precipitation was very poor. 

On February 6, 1958, synovial fluid from the left knee revealed: white blood count, 
24,050 cells per cubic millimeter of which 90 per cent were polymorphonuclear neutrophils, 
7 per cent were lymphocytes, and 3 per cent were monocytes; serum sugar, 58 milligrams 
per cubic centimeter and synovial-fluid sugar, 45 milligrams per 100 cubic centimeters; mucin 
precipitation was poor 

At the time of discharge two weeks later, swelling, warmth, and discomfort in the left 
knee were much the same as those in the right knee. 


It was felt that this patient had rheumatoid arthritis complicated by an 
iatrogenic infectious arthritis. Without noting the early synovial-fluid-analysis 
discrepancies, proper treatment might have been delayed and permanent damage 
produced. 

DISCUSSION 

The application of these tests on synovial fluid is of particular value in the 
differential diagnosis of monarticular arthritis. When there is a history of trauma 
or a suspicion of degenerative arthritis which may be misleading, little diffi- 
culty is encountered in separating the more severe inflammatory reactions seen 
in the Group IT patients from the traumatic or degenerative reactions seen in 
Group I patients. Thus, with the results of these three tests, primary inflamma- 


tory disease can usually be separated from traumatic sequelae, and further clues 
: b | 


to the causation of the inflammatory process may be found. 

Close inspection of the synovial-fluid smear made for leukocyte differential 
count and the use of bacterial stains when indicated may occasionally demon- 
strate the infecting organism. For example, a case of mycotic arthritis was diag- 
nosed in our laboratory by this technique in a patient with a previously undiag- 
nosed generalized disease. The presence of infectious arthritis frequently can be 
demonstrated by evaluation of the leukocyte count and the sugar difference. Dif- 
ficulties in culturing bacteria from synovial fluid (especially the gonococcus) are 
common, and a negative culture does not exclude infectious arthritis 

When one develops the habit of aspirating synovial fluid from involved 
joints in which the cause of disease is not known, a significant number of 
unsuspected diagnoses will be made and made early in the course of the disease. 
lhe technique can eliminate unnecessary treatment and, possibly, the necessity 
of an arthrotomy. We do not want to give the impression that this series of tests 
will suffice in the diagnosis in all cases of arthritis. The need for open synovial 
biopsy will still exist in some instances. This is especially true where tuber- 
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culous arthritis is strongly suspected and a six-week to ten-week delay for cul- 
ture is not advisable 


CONCLUSIONS 


Synovial-fluid analysis is of practical importance in the differential diagnosis 
of joint disease. The separation of cases of severe inflammatory response from 
those of basic traumatic and degenerative etiology can be readily accomplished. 
With the aid of these tests, early diagnosis of the nature of the arthritis is often 
possible. 
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Traumatic Cyst in the Hip Joint 


A Case REportT 
BY ZVONIMIR SUMANOVAC, M.D., ZAGREB, YUGOSLAVIA 


From the Municipal Hospital, Zagre b 


Traumatic cyst of the joint is rare, both as to locality and mechanism of 
occurrence. The case presented is most probably one of post-traumatic inflam- 
mation and distention of the bursa iliopectinea (subpsoas bursa). The bursa 
may be connected by a narrow duct with the hip joint, as it was in our patient. 
The communication was proved at surgery and by roentgenogram. Chemical 
irritation as well as friction gradually turned the bursa into a cyst which, 
attaining considerable size, exerted pressure upon the surrounding area. 

A survey of available European literature on orthopaedics and surgery and 
perusal of publications from Anglo-American sources vielded no similar case. 











Fia. 1 


G.I, a workman, forty-seven years old, was hospitalized from April 28 to August 4, 
1956. While the patient had been working on tunnel construction in 1936, fragments from 
a collapsing rock had hit him in the region of the groin and left arm. The trauma was so 
severe that he had lost consciousness. A large hematoma developed in the areas of the 
left. groin, lower quadrant of the abdomen, and upper third of the left thigh. Roentgeno- 
graphic examination showed no damage to bone. After hospital treatment of two and one- 
half months the patient had noticed reduced mobility in the left hip joint and slight dif- 
ficulty in walking. Since January 1956, without occurrence of any further trauma, the patient 
had constant pain in the region of the left hip which spread down the medial side of the 
leg. The pain made walking difficult but diminished with rest. When walking, he would 
feel at times a burning sensation, especially in the shin and foot. With the onset of pain 
he noticed a gradually increasing growth or protuberance under the skin of the left groin 
He was admitted to the hospital for treatment of these complaints. 

The patient’s general physical condition was normal. In the left inguinal region beneath 
the middle portion of the inguinal ligament « growth (nine by eight by seven centimeters) 
under the skin was palpated. It was of firm, elastie consistency, not easily movable, and 
well detached trom the surrounding tissues. Intermittent pulsation was noted in the urea 
(on palpation of the lateral side of the ball-shaped growth an increased pulse of the femoral 
irtery was felt. A prolonged systolic murmur was heard on auscultation. Flexion of the 
hip jomt was limited and painful; inward rotation was more limited and painful than 
Hexion. Other movements of the hip joint were normal. Elevation of temperature of the 
left foot over that of the right was noted 

Laboratory findings were within normal limits. The pelvis and left hip joint were nor- 
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bh roenigenographically. “Phe oseillogram: indicated «a markedly increased pulsation 
irteries in the left lower limb, especially in the thigh (Fig. 1). On Julv 12, 1956, aortog 
demonstrated lateral displacement of the femoral artery and vein on the left sic 
out turther |? thologi tl change mm the blood vessels (Fig 2) 


erformed on July 23, 1956. A longitudinal skin incision was made above 


left groin. The femoral artery and vein were separated from the growth 
medially by means of a rubber tube. Beneath the psoas muscle there ap- 
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TRAUMATIC CYST IN THE HIP JOINT 


pe ared a ball-shaped cystic formation sharp- 
lv delimited from the muscles, its base di- 
rected toward the hip joint. The cyst was 
separated from the surrounding tissues and 
it was noted that its median part was joined 
to the superior ramus of the pubis. The base 
of the cyst narrowed and ran laterally be- 
tween the iliofemoral ligament and the pubo- 
capsular ligament onto the acetabulum (Fig 
3). Puncture vielded a mucous, vellowish- 
green liquid. The capsule was dissected: its 
cavity contained large numbers of rice bod- 
ies, rang:ng in size from four to six millime- 
ters. The loose bodies were of a whitish trans- 
lucent appearance The base of the eyst 
ended in a narrow duct Ik iding toward the 
ip joint. The cevst was completely stripped 
off, the opening at the bottom between the 
ligaments being closed with sutures. Peni- 
cillin (800,000 units) and streptomycin (on 
gram) were applied locally. The wound was 
then closed in the usual manner; no rubber 
drain was used. 

The specimen obtained was it evsti 


formation nine by eight by seven centi- 





meters. Its walls were about. three mulli- 
meters thick imterspersed with some car- i 
tilaginous tissue. The inner surface of the Fic. 6 

cevst was smooth. 

The postoperative course was uneventful. Microscopic examination of the contents re- 
vealed no abnormality. Two kinds of tissue were differentiated histologically. The lesse1 
part of the material consisted of compact fibrous connective tissue ending in a straight, 
slightly puckered surface. This tissue contained under its surface numerous spindle cells, 
radially oriented capillaries, and a slight number of lymphocytes. Single spindle cells on the 
surface itself behaved like epithelial cells. The structure greatly resembled that of a mucous 
sac (Fig. 4). The larger part of the tissue was hyaline cartilage, the turgid cells of which 
were grouped or irregularly scattered in a homogeneous intracellular substance. Single par- 
ticles of cartilage were surrounded by an envelope of connective tissue and a zone of 
chondroblast-like cells (Fig. 5) 

On August 3, 1956, a postoperative roentgenogram of the left hip raised the question 
of whether or not there was a defect in the middle third of the convexity of the acetabulum 
The trabecular structure and the quantity of calcium contained in the head of the femur 
were normal (Fig. 6). On August 4, 1956, the patient was discharged. The wound had healed 
cleanly. Abduction and flexion of the left hip joint were slightly reduced. Rotation of the 
joint was painless 

On April 1, 1957, a roentgenogram showed the left hip joint to be normal. Follow-up 
examination after a lapse of eight months demonstrated movements of the hip joint to be 
painless. A slight limitation of flexion persisted, but the range of other movements was 
maximum, The patient walked without limping and was employed at hard physical labor 


DISCUSSION 


Some bursae, either congenital or acquired, are connected by a duct with 
the nearest Joint cavity. The bursa iliopectinea (subpsoas bursa) is connected 
by a canal with the hip joint in 10 per cent of all cases. It is loeated beneath the 
psoas muscle, between the iliopectineal eminence and the tendon of the psoas 


The duet passes between the ihlofemoral and puboecapsular ligaments. Similar 


cases of bursae in the shoulder or knee Jomt ar known. Communication between 
bursa and joint may be aequired, usually oecurring in consequence of trauma 
or traumatic inflammation 

In differential diagnosis, consideration should be given to loose bodies in 
connection with chondromatosis of the joints arthrosis deformans, and osteochon- 
dritis dissecans In the Present Cause the anamnestie, clinteal, and roentyeno- 
eraphie aspects ruled out consideration of these disorders 

Most bursae are noticed neither hy the patient himself nor by the examiun- 
ing physician. It is only when the fluid contents and the loose bodies in the 
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bursa increase or its walls thicken that difficulties appear and diagnosis is 
established. 

The prognosis for surgical treatment is favorable. It consists in total exci- 
sion of the bursa or synovial membrane. Incomplete removal of the bursa shortly 
leads to recurrence. 

Based on surgical, roentgenographic, and histological findings, it was con- 
sidered that the patient had traumatic iliopectineal bursitis and that the bursa 
was anatomically connected with the hip joint. The internal pressure in the cyst 
caused disturbances in the joint. Pressure upon the surrounding area, especially 
upon blood vessels and nerves, effected disturbances in innervation and caused 
vegetative difficulties, for instance, sensation of heat in the foot. The differential 
diagnosis in this case was not clear since the cystic enlargement following trauma 
with systolie murmur, pulsation, and vegetative vascular phenomena resembled 
traumatic arteriovenous fistula. The diagnosis was clearly established by 
aortography. 


Non-Union of a Fracture of the Anterior 


Superior Process of the Calcaneus 


Case REPOR1 


BY JACK LEVINE, M.D., ABEL KENIN, M.D., AND MORTON SPINNER, M.D., 
BROOKLYN, NEW YORK 


Increased interest in fracture of the anterior superior process of the caleaneus 
in recent. years has been evinced by the fact that three papers discussing this 
fracture have appeared in the American literature since 1951 **-°. It is the con- 
sensus that these fractures usually heal in a month or two after immobilization 
with a plaster cast or simple adhesive strappings '*-*-*. Piatt described a case of 
non-union of a fracture of the anterior superior process of the caleaneus, but 
noted that there was “little discomfort except on the extremes of plantar flexion 
of the injured foot.”’ The following case is of interest since it presents a fracture of 
the anterior superior process which did not unite and the patient remained symp- 
tomatic until the ununited fragment was removed. 


\ housewife, thirty-seven years old, was first seen on June 17, 1954, two months after having 
injured her left foot by twisting it as she stepped off a bus. Roentgenograms made shortly after 
the injury, April 18, 1954, were reported negative for fracture or dislocation (Fig. 1). Her foot 
ind ankle were strapped but because of persistent pain and swelling, she was unable to bear any 
weight at all on her left foot for four weeks. She walked with the aid of crutches. Later, partial 
weight-bearing was permitted with an elastic bandage support on her foot. However, beeause of 

iin, her limp persisted. She further noted that swelling was increased at the end of a day but 
would subside almost completely by morning 

At examination on June 17, 1954, it was found that the patient walked with a marked limp 
favoring her left lower extremity. There was three-quarters of an inch of atrophy of the left calf 
Chere was extreme tenderness to I ilp ition of the sinus tarsi. Inversion of the foot and rocking 
of the subtalar joint caused pain in the same area. These movements were only mildly restricted 
lhere was no limitation of motion in the ankle joint, but extremes of plantar flexion and dorsi- 
flexion also caused similar pain. Roentgenograms made on June 17 (Fig. 2) revealed slight dis 
placement. of a fragment comprising the anterior superior process of the calcaneus, There was 
some increase in the density of the fragment as compared with that of the surrounding bone. It 
was felt that more rigid immobilization at this time, two months after the injury, would serve 
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NON-UNION OF A FRACTURE OF THE CALCANEUS 


Fic 
April 18, 1954. Lateral roentgenogram of the left foot which initially was read to 
be negative but on further scrutiny was seen to demonstrate fracture of the anterior 
superior process of the calcaneus. 


Fic. 2 


June 17, 1954. Oblique roentgenogram of the left foot revealed the slightly dis- 
placed fragment of the anterior superior process of the calcanet h somewhat 
increased density as compared with that of the surrounding bone 


no useful purpose. Accordingly, the patient was advised to continue strappings and physi- 


cal therapy. However, her svmptoms continued undiminished and subsequent roentgenograms 
showed increasing density of 

of the sinus tarsi was carried out. The loose fragment of bone was readily identified. There was 
no evidence of bone union. Part of the bifurcate ligament was still attached to the loose frag- 
ment. The fragment was removed without difficulty, and the foot was immobilized in a plaster 


the bone fragment (Fig. 3). On November 8, 1954, an exploration 


cast for two weeks after the operation 

Following this, inversion strappings were continued for two weeks more. The patient then 
proceeded to make a rapid recovery. Within two months, there was complete disappearance of 
foot spasm and limp. She was seen most recently on November 15, 1957 (Fig. 4). At this time, 
there was a normal gait and complete range of motion in the subtalar and mid-tarsal joints. The 
patient had no symptoms referable to her foot 


DISCUSSION 
This case is of interest since it represents the first reported case of non-union 
of an anterior superior process of the caleaneus which required surgery for relief 
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Fia. 3 


October 22, 1954. Oblique roentgenogram of the left foot revealed increased 
density in the fracture of the anterior superior process with further displacement 


3. 4 


November 15, 1957 Oblique roentgenogram of the le ft foot revealed some sclerosis 
tion of the caleaneus adjacent to the area where the fragment of the 


nteriol ero rocess of the caleaneus had been removed 


Ol sVinptoris Phe pratie nt had persistent pain until thie lragment Was removed. 
She then went on to an uneventful recove ry A fracture of the anterior superior 
process of the caleaneus can be overlooked in the routine lateral roentgenogram of 


; 


i¢ loot Oblique roentgenogralus ot the foot are essential na complete study 


sp cially In making a diagnosis of tracture of the anterior superior process of the 


alean us 
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Proceedings 
THE RUSSELL A. HIBBS SOCIETY 


The Eleventh Annual Meeting of the Russell A. Hibbs Society was held on May 28 and 
29, 1958, at Indiana University and Medical Center, Indianapolis, Indiana, with Dr. J. Neill 
Garber presiding. Following the business meeting, the following new members were elected 
Dr. Sherman Coleman, Salt Lake City, Utah; Dr. James D. Jones, Lynchburg, Virginia; D1 
Virgil May, Richmond, Virginia; Dr. George Sheer, St. Louis, Missouri, and Dr. William 
Schnute, Chicago, Illinois 

Dr. William Waldrop, Oklahoma City, Oklahoma, was unanimously elected President of 
the Russell A. Hibbs Society, and Dr. Nicholas J. Giannestras, Secretary-Treasurer. The 
next meeting of the Society will be held in Oklahoma City, Oklahoma, in May 1959 

The two guest speakers at this meeting were Mr. Roland Barnes of The Western Infirmary, 
Glasgow, Scotland, and Dr. Philip D. Wilson of The Hospital for Special Surgery, New York, 
N. Y 


Summaries of the papers presented follow 


Transference of the Iliopsoas Muscle for Hip Abductor Paralysis. Dr. Grorce J. Garcrat 
and Dr. Rosert J. W. Kinzev reported results of the transference of the iliopsoas in poliomye- 
litie patients with abductor paralysis of the hip in whom there was considerable abduction 
lurch or painful instability or both of the hip joint. Good to normal power should be present in 
the iliopsoas along with some remaining hip-flexor power in the sartorius or rectus femoris before 
the muscle is transplanted through an iliac aperture at the iliac fossa into the greater trochanter 
of the femur. The youngest patient operated on was eight vears old; the oldest was twenty-six 
Seventy-seven per cent showed gait improvement; in 86 per cent of those with external rota- 
tion of the lower extremity (53 per cent of the total number of cases) improvement was 
obtained 


Dislocation of Talus. Dr. T. A. Brapy? presented a series of fractures of the neck of the 
talus with posterior dislocation of the body. Immediate open reduction with primary subtalar 
fusion was done through a posterior medial incision directly over the displaced body of the 
talus. In total dislocation of the talus replacement was facilitated by osteotomy of the fibular 
malleolus \ ple 1 was made to save the displaced bone ft igments unless they are grossl\ in- 


fected. Avascular necrosis inevitably results from this injury but disability was minimal 


Recovery from Hip Prosthesis. Dr. J. N. Garser® and Dr. R. W. Lampert presented two 
distinct operative procedures for the recove . the disabling, painful prosthetic hip. These 
rocedures are not new or original but ar \ procedures used successfully in past 
vears for other conditions. Their usefulness was recently recognized due to anatomical con- 
siderations in recovery from pain caused by a hip prosthesis 
The authors presented five unselected cases of painful hip due to a prosthesis. The classi 
Whitman reconstruction was performed in two patients with Judet prosthesis and, in one 
itient, with a Smith-Petersen cup arthroplastv. The Colonna reconstruction, followed in 
two months by higl subtrochanteri osteotomy to create in artificial COXA femor il angle was 
performed in two patients with a larger intramedullary femoral-stem prosthesis. The patients 
were all free of pain at last examination. There was no correlation between the procedure and 
the amount of motion retained in the recovered hip, since, in each group, one patient required 
irthrodesis and the others retained various degrees of motion. Intrapelvic unilateral obturator 
neurectomy was of temporary value in the treatment of painful prosthetic hip. The average 


time until improvement was eighteen months 


Treatment of Pott’s Paraplegia. Mr. Rotanp Barnes* discussed paraplegia as the most 
lethal complication of Pott’s disease. In the early stages of the disease the cord is compressed 
by a tense abscess, sequestrum, or necrottle disc, whereas when paraplegia occurs late perhaps 
many vears after apparent healing of the disease—the cord is often stretched over a sharp 


gibbus 
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transfers should be done in phase, and stabilization should be performed to attain the best 
possible posture and muscle balance that can be achieved by training and bracing 

The time of surgery is extremely important and one must recognize that diplegic posture 
of cerebrate rigidity will change after several years to anthropoid posture or jump posture, 
with flexion of the hip and knee and toe stance. Braces and muscle-training are essential in 
the program when surgery is included. Neurectomies and tendon transfers are performed on 
patients in the younger age groups; osteotomy has mainly been restricted to patients between 
the ages of ten and fourteen. 

The author discussed seven common methods of correcting or controlling equinus deformi- 
ty in cerebral palsy; none are uniformly successful. All have specific indications: 

1. Subcutaneous Achilles-tendon lengthening is occasionally more complete than necessary 
but more often is insufficient and complicated by residual scarring. 

2. Open Achilles-tendon lengthening has been practiced in the manner of Hibbs. This 
procedure has been performed most often and also with the most gratifying results. The tech- 
nique consists of a curved skin incision, a lateral incision through the tendon sleeve, a coronal 
section of the tendon itself with the slick surface near the distal portion, minimal suture buried 
in the tendon, closure of the sheath, and application of a plaster cast to be worn for three to 
four weeks as suggested by John Hunter. 

3. The Vulpius or Baker technique of lengthening the triceps at the junction of the 
muscle and tendon has been popular with some but does not readily lengthen the soleus which 
18 ofte n the cause of the trouble 

4. The gastrocnemius recession of Silfverskiold does not touch the soleus but instead 
sacrifices needed gastrocnemius strength at the knee. 

5. The stirrup tenotomies of Duncan, in which he lengthens the tibialis posterior and 
peronaeus longus, have been most satisfying in several well selected cases 

6. When clonus is present in the soleus, a neurectomy, as described by Eggers, has been 
helpful 

7. When clonus is present in the gastrocnemius, a popliteal neurectomy may be done 
Again warning must be made of the importance of retaining gastrocnemius function for prope 
knee control. The author emphasized that deformities of the hip and knee are extremely 
pertinent to equinus deformity and that the deformities of the hip, knee, and ankle may be 
compensatory to the primary cause 


Side Plate for Subtrochanteric Fracture. Dr. Wittiam H. Norman * outlined a simplified 
procedure for the open method of hip nailing. It consists of using the regular operating table, 
’ simple cassette holder, one portable x-ray machine, and polaroid films. It permits easy access 
to the fracture, control of the lower extremity, eliminates the difficulty in obtaining good 
lateral roentgenograms, and materially shortens the procedure 

The author also described a one-piece hip nail for control of subtrochanteric features 
Although limited in its use, it was quite helpful in preventing medial displacement of the 
distal fragment 


Epiphyseal Fracture Separation at the Proximal End of the Humerus. Open Reduction in 
Three Cases. Dr. THomas Horwitz* presented the cases of three male patients, one aged 
twelve and two aged sixteen, with epiphyseal fracture separation at. the proximal end of the 
humerus. The fracture involved the posterior third of the proximal end of the metaphysis 
which remained attached to the capital epiphysis, the shaft being displaced proximally and 
anteriorly to the head fragment. In the first patient the injurv was two weeks old and sufficient 


union had occurred to prevent closed reduction. In the second and third patients both frac- 
tures were recent; closed reduction was attempted with insufficient results in both instances 
in the opinion of the operator. In the third patient, continuous traction was utilized for several 
davs with the injured arm in pivotal position without success 

{n incision through the deltoid and pectoralis major muscles and subperiosteal dissection 
of the soft tissues anteriorly exposed the fracture site; every effort was made to keep the 
lateral, medial, and posterior tissues intact. In all three patients a tight pectoralis major was a 
factor in preventing reduction of the fracture. Since the tendon of the pectoralis major was 
divided at its insertion, it facilitated levering the proximal end of the shaft fragment under 
the proximal fragment, but the author noted that, even under these circumstances, reduction 
was not maintained unless the arm was elevated in the frontal plane, serving to lock the distal 
fragment securely under the proximal fragment. The reduction was now so secure that internal 
lixation was not required, and the degre e of rotation was usually neutral. In the third patient 
the author felt that an interposing long bicipital tendon may have been a factor in preventing 
closed reduction. This tendon was divided proximally and attached to the coracoid process 
external fixation, ina plaster spica shoulder cast, with the arm in the elevated or pivotal posi- 
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About one half of the patients, treated conservatively, recover completely ; a quarter die ; 
ind the remainder have residual palsy which is often severe. Operative treatment must be 
judged by its ability to prevent residuai palsy and its potential fatal result. Because of this, 
laminectomy and spine fusion are no better than conservative treatment. Operation will be 


iecessful only if it relieves pressure on the front of the spinal cord 

In an early mild case of paraplegia, rehef of pressure may be achieved by draining the 
ibscess and removing the necrotic dise and sequestrum without. actually exposing the dura 
mater. If paraplegia is severe or of rapid onset, prompt anterolateral decompression of thi 
cord by the technique of Pott and Alexander is indicated, followed by an adequate period of 
rest until the disease is quiescent. In cases of paraplegia of late onset, it. is essential that radical 
removal of the bone Spur be performed ; on three oOccusIONsS A second operation was required 
because the cord was not adequately decompressed at the first intervention 

Three of the seventeen patients died; one under anaesthesia, one from severe Addison’s 
disease, and one from paraplegia of late onset—the first patient in the series. Four of the six 
patients with early paraplegia and six of the eight patients with late paraplegia recovered 
ompletely. Anterolateral decompression is never easy; however, better recognition of the 
technical difficulties of the operation and their management has led to steady improvement in 


results 


Tenosynovitis and Related Conditions Involving the Tendcn Sheaths. Dr. Jounxn B. Wut: 
presented a classification for the various surgically encountered lesions of the tendon sheaths 
The lesions encountered surgically were: circumscribed villonodular tenosynovitis; chronic 
hypertrophic villous tenosynovitis; chronic adhesive tenosynovitis; granulomatous tenosynovi- 
tis; and acute suppurative tenosynovitis. The author discussed representative cases from each 
of the groups in the classification and reviewed forty-one patients with circumscribed villono- 
dular tenosynovitis. The transition between chronic hypertrophic villous tenosynovitis and 
circumscribed villonodular tenosynovitis was discussed. The pathogenesis of chronic hypertro- 
phic villous synovitis and tenosynovitis and circumscribed villonodular tenosynovitis was also 
discussed. The author demonstrated that a single pathogenic factor, trauma, may produce one 
or all of the lesions classified 


High-Tension Electrical Burns. Dr. Joun M. Tonpra* stated that the purpose of his pape 
was not to discuss the causes of death but to note the results of high-tension electrical burns 
in the individuals who survive the initial shock. 

A summary of the physical facts directly related to the effect of electrical burns was re- 
viewed. This included voltage, amperage, type of current, resistance, path of the current, and 
individual susceptibility 

The author stressed the progressive nature of the wounds caused by electrical burns, and 
differentiated between two types of burns, contact and are burns. He also ce scribed svstemic 
complheations such as lower nephron nephrosis resulting from acute burns. A characteristi 
injury associated with high-tension electric shock is fracture-dislocation of the humerus due 
to severe tetanic contracture of the muscles. Late complications of the acute burn such as 
cephalomalacia and myocardiomalacia alse might occur. There are important residual findings 
in previously burned patients such as localized muscular atrophy and weakness of the involved 
extremities months after the accident 

The rapy of electrical burns is considerably different from that of thermal burns. The con- 
servative approach in the treatment of electrical burns is recommended because of the 
progressive nature of the injury. 

Dr. Tondra stressed that it is important to remember that the burn itself is not the only 
problem entailed; secondary complications occurring sometime after the initial shock may be 
lethal or permanently disabling 


Surgery in Cerebral Palsy. Dr. Cant Martz‘ felt that in surgical treatment of cerebral 
ilsied patients, attention should be directed to: (1) the loss of flexibility demonstrated by 
contractures and imbalances; (2) loss of power appearing as weakness or complete paralysis; 
3) deformities arising from contractures of the fascia, capsules, muscle, or maldevelopment 
of bone; and (4) loss of skill obvious in disorders of gait and manual work. The general prin- 
ciples involved are correction of deformity, motor transfer, postural stabilization, and growth 
control 
The goal in surgery of the lower extremities has been to secure proper alignment, stabiliza- 
tion, and normal reciprocal pattern of the hip, knee, and ankle. This has not been readily 
complished, and the author felt that surgeons should do neurectomies selectively. Tendon 
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transfers should be done in phase, and stabilization should be performed to attain the best 
possible posture and muscle balance that can be achieved by training and bracing 

The time of surgery is extremely important and one must recognize that diplegic posture 
of cerebrate rigidity will change after several years to anthropeid posture or jump posture, 
with flexion of the hip and knee and toe stance. Braces and muscle-training are essential in 
the program when surgery is included. Neurectomies and tendon transfers are performed on 
patients in the younger age groups; osteotomy has mainly been restricted to patients between 
the ages of ten and fourteen. 

The author discussed seven common methods of correcting or controlling equinus deformi- 
ty in cerebral palsy; none are uniformly successful. All have specific indications: 

1. Subcutaneous Achilles-tendon lengthening is occasionally more complete than necessary 
but more often is insufficient. and complicated by residual scarring. 

2. Open Achilles-tendon lengthening has been practiced in the manner of Hibbs. This 
procedure has been performed most. often and also with the most gratifying results. The tech- 
nique consists of a curved skin incision, a lateral incision through the tendon sleeve, a coronal 
section of the tendon itself with the slick surface near the distal portion, minimal suture buried 
in the tendon, closure of the sheath, and application of a plaster cast to be worn for three to 
four weeks as suggested by John Hunter. 

3. The Vulpius or Baker technique of lengthening the triceps at the junction of the 
muscle and tendon has been popular with some but does not readily lengthen the soleus which 
is often the cause of the trouble. 

4. The gastrocnemius recession of Silfverskiold does not touch the soleus but instead 
sacrifices needed gastrocnemius strength at the knee. 

5. The stirrup tenotomies of Duncan, in which he lengthens the tibialis posterior and 
peronaeus longus, have been most satisfying in several well selected cases 

6. When clonus is present in the soleus, a neurectomy, as described by Eggers, has been 
helpful. 

7. When clonus is present in the gastrocnemius, a popliteal neurectomy may be done 
Again warning must be made of the importance of retaining gastrocnemius function for proper 
knee control. The author emphasized that deformities of the hip and knee are extremely 
pertinent to equinus deformity and that the deformities of the hip, knee, and ankle may be 
compensatory to the primary cause. 


Side Plate for Subtrochanteric Fracture. Dr. WittiamM H. NorMan * outlined a simplified 
procedure for the open method of hip nailing. It consists of using the regular operating table, 
a simple cassette holder, one portable x-ray machine, and polaroid films. It permits easy access 
to the fracture, control of the lower extremity, eliminates the difficulty in obtaining good 
lateral roentgenograms, and materially shortens the procedure 

The author also described a one-piece hip nail for control of subtrochanteric features 
Although limited in its use, it was quite helpful in preventing medial displacement of the 
distal fragment 


Epiphyseal Fracture Separation at the Proximal End of the Humerus. Open Reduction in 
Three Cases. Dr. THomas Horwitz* presented the cases of three male patients, one aged 
twelve and two aged sixteen, with epiphyseal fracture separation at the proximal end of the 
humerus. The fracture involved the posterior third of the proximal end of the metaphysis 
which remained attached to the capital epiphysis, the shaft being displaced proximally and 
anteriorly to the head fragment. In the first patient the injury was two weeks old and sufficient 
union had occurred to prevent closed reduction. In the second and third patients both frac- 


tures were recent; closed reduction was attempted with insufficient results in both instances, 
in the opinion of the operator. In the third patient, continuous traction was utilized for several 
davs with the injured arm in pivotal position without success 

An incision through the deltoid and pectoralis major muscles and subperiosteal dissection 
of the soft tissues anteriorly exposed the fracture site; every effort was made to keep the 
lateral, medial, and posterior tissues intact. In all three patients a tight pectoralis major was a 
factor in preventing reduction of the fracture. Since the tendon of the pectoralis major was 
divided at its insertion, it facilitated levering the proximal end of the shaft fragment under 
the proximal fragment, but the author noted that, even under these circumstances, reduction 
was not maintained unless the arm was elevated in the frontal plane, serving to lock the distal 
fragment securely under the proximal fragment. The reduction was now so secure that internal 
fixation was not required, and the degree of rotation was usually neutral. In the third patient 
the author felt that an interposing long bicipital tendon may have been a factor in preventing 
closed reduction. This tendon was divided proximally und attached to the coracoid process 
external fixation, in a plaster spica shoulder cast, with the arm in the elevated or pivotal posi- 
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frontal plane, was maintained for three months. The author concluded by saying 
ex inatomical and functional results were obtained in each patient 


The Early X-ray Diagnosis of Acute Hematogenous Osteomyelitis. Dr. Joseru L. Morton 
reported that deep-seated swelling of muscle with contiguous oedema surrounding a_ bone 
nt following a day or two of fever is characteristic of acute coccal osteomyelitis. Cellulitis 
hangitis, and ervsipelas are differentiated by the lack of deep circumferential swelling 
he bone and fusion of the skin and superficial fascia, and presentation of 

iscial planes n one sice ere deep trauma is the only lesion likely to confuse 
roentgenologist it tl in easily be recognized by history or clinical examination. The 
or felt that vigorous treatment at this stage of the disease could abort the process 


thout roentgenographic osseous involvement. Resistance is greatest in the patient early in 


ourse of the disease and with adequate continuous therapy there ts little chance for the 
} 


come esistant to antibiotics. The length of therapy is determined by the 

roentgenographic app nee and continued until all visible deep thickening and oedema have 
subsided. This may i 1 month or more 

Dr. Morton pointed out that textbooks « 1u ) that roentgenographie diagnosis 

s impossible within fi two weeks of th Ferguson’s opinion to the 

contrary held for the past twenty vears. This encourages t ins and general practitioners 

to doubt the validity rly diagnostic roentgenogran leads to delay in therapy until 

oo late t vent | tration and othe I tior iS septicaemia, Pneumonia, 

togenous osteomyelitis, were presented 

ited for more than a month without 

transferred by his parents to another 

There, “no evidence of osteomyelitis” 

ibove mentioned complications. The 

irtment. The second patient required 


Some Vascular Problems of Interest to Orthopaedists. Dr. Harris B. SHUMAcKER “ pointed 
that one disastrous, but fortunately ra complication of operations for protruded inter- 
it vessels within the abdomen. This should be suspected 

or unexpected shock develops. It should be recognized 

completion of the laminectomy by laparotomy and repair 

ported the ¢ of a woman who, during such an operation 

mmon iliae arte in ena cava, resulting in a large 

immediately severe heart failure developed and the patient was 

fail recognized two and a half years 

lem of deep venous om itimt t n occasional complication in the 

ypaedic imjuries iInction \ iJ studies have demonstrated that 

ombosed femoral or external ilia ell tprpreal val inalize. Contrary to former 
these recanalized veins | | ro} rection toward the heart during 
cular exercise. As wen ti t that tl should not be sacrificed, and no 

n ligation I ( } nt inte ‘he results of nonoperative treatment have 

ry gratifving. Operat © rest for chronic indurated ulcers which require deep 
sion and skin-graiting t rd to the management of acute deep venous throm- 


to lvse the clots Ar 


it in tl em e agents which can be used safely and effectively 
nong these ar purified streptokinase and plasmin. Neither is available for 

it time, but worl ing done in other clinics suggests that, if such 
ls ever become available, they may onsiderable aid 
Schumacker feels that inv patient th obliterative disease iffecting the aorta 


<4 it sent 


iliac vessels seek orthopaedic « iltation because of pain in the hips or back. The 
re of this abnormality is easi ize iuse pain occurs only on walking and ceases 


with momentary rest. There t haracte ec absence or diminution of peripheral pulses 


xcision and grafting or by by-pass grafting 


Basic Weight-Bearing Functions in the Foot. Dx. Jou L. Houmes * discussed his study 
the effects of simple appl ind of weight-bearing muscle actions in normal and 
et. He tested ur ved foot x mens and a foot model capable of imitating 
ies and stance posit thor found that weight-bearing actions of muscles 


' } I Ss the generally if epted non-weight he aring 
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muscle actions. For example, in the non-weight-bearing position, the triceps surae always 
supinates the subtalar joint and is responsible for the varus position. However, during weight- 
bearing the triceps surae may put a normal foot in slight valgus position in a neutral standing 
position. During weight-bearing it may put the foot of a patient with valgus foot deformity 
in valgus position. Finally, it may be a powerful cause of weight-bearing varus position in a 
patient with varus foot deformity. Another example mentioned by the author was the tibialis 
posterior. Although the posterior tibial muscle alone produces subtalar varus position, in both 
non-weight-bearing and weight-bearing, it produces ankle equinus deformity in non-weight- 
bearing and calcaneus in weight-bearing. Other examples of unexpected differences between 
weight-bearing and non-weight-bearing functions of muscles were the peronaeus longus and 
the short plantar muscles 

The author also pointed out that the extensor hallucis longus is responsible for subtalar 
varus position in the normal foot and in feet with varus deformity in both non-weight-bearing 
ind in weight-bearing. However, it may place the foot with valgus deformity in valgus position 

Basic reports in the anatomical literature indicate that the human foot is a weight-bearing 
pronation structure. This study indicates that such is true for the normal foot and the foot 
with valgus deformities in neutral and valgus standing positions. However, this study confirms 
the clinical impression of many orthopaedic surgeons that the varus foot, or the normal foot 
in extreme varus stance, is a supination weight distributing structure 

Considering either the weight-bearing response of the triceps surae or the effects of simpl 
weight-bearing without muscle, the author felt that the result tends to be subtalar varus posi- 
tion with extension deformity of the lateral portion of the fore part of the foot, or rocker- 
bottom deformity, or it tends to create subtalar valgus position with flexion deformity of the 
lateral portion of the fore part of the foot, or lateral cavus deformity of the fore part of the 
foot 

Weight-induced subtalar pronation is resisted predominately by the plantar ligaments of 
the medial portion of the fore part of the foot rather than bv the deltoid ligam«e nt, if the foot is 
normal and in neutral standing position. The deltoid ligament resists weight-bearing pronation 
only with a marked valgus deformity. In non-weight-bearing, only the deltoid ligament resists 


subtalar pronation 


Pes Cavus. Dr. George J. Garceau' stated that in 1956 he first reported experience with 
selective plantar muscle denervation. At present this operation has been performed on over 
100 patients The operation 1s indicated In conge nital ind pal ilvti pes cavus It is ilso use ful 
in residual deformity of congenital club-foot. To obtain best results the operation should be 


performed before growth is comple te. The author has obtained satisfactory results in about 90 


per cent 
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Dr. Bernard Hewitt Kyle died suddenly at his home on August 22, 1958, six weeks after 
having had a coronary occlusion. He is survived by his wife, Putnam Watkins Kyle, and a 
daughter, Jimmie Kyl 

He was born in Nelson County, Virginia, on April 17, 1887, the son of Ella Agee and 
Joshua Warner Kyle. He graduated from Virginia Polytechnic Institute and took his medical 
training at the University of Virginia and the Medical College of Virginia, from which he 
graduated in 1911. He entered general practice in Lynchburg, Virginia 

Dr. Kyle saw combat action in World War I with the 12th Field Artillery of the Second 
Division. He was cited for heroism and exceptional gallantry under fire in both French and 
United States Army Division Orders. After the war ended, he was assigned to duty with the 
University of Virginia Base Hospital. It was during this period that he realized the importance 
of orthopaedic surgery and developed an intense interest in it. He gave up his general practice 
and took postgraduate work at the Children’s Hospital and Harvard Medical School. He 
returned to Lynchburg to become an orthopaedic specialist. He thus became the first 
orthopaedist in this central area of Virginia. The tedious job of making orthopaedics a 
recognized specialty by the physicians, hospitals, and patients fell on his shoulders. The 
necessary recognition was accomplished in time, making the path an easier one for the ortho- 
pae dists who followed. 

He became a Fellow in the American College of Surgeons in 1924 and a member of The 
American Academy of Orthopaedic Surgeons on January 9, 1934 

Dr. Kyle was appointed orthopaedist for the Norfolk and Western Railway in Lynchburg 
and he was active in the Junior League Crippled Children’s Clinics. He also took an active 
interest in the Virginia State Crippled Children’s program and held clinics for years at Farm- 
ville, South Boston, Bedford, Lexington, Covington, and in Amherst County. He was a member 
of the active staff of Virginia Baptist Hospital, Lynchburg General Hospital, and Memorial 
Hospital, and a consultant for the Lynchburg Training School and Hospital 

During World War II, he was chief of the emergency medical department of the Lynch- 
burg Office of Civil Defense and a member of the Procurement and Assignment Service for 
Physicians. He also served on the Military Induction Board for this area 

Throughout his long and active career, his work was characterized by an intense interest 
and a stern discipline which set him apart from the ordinary. His enthusiasm for orthopaedics 
was overwhelming. His presence will be sorely missed by his friends, associates, and colleagues 
in the medical profession, as well as by his many patients, for years to come 


B. K.M 


VOL. 41-A, NO. 1, JANUARY 1959 





ADDRESSES OF CONTRIBUTORS 
JANUARY 1959 


Joun P. Apams, M.D., 1703 Rhode Island Avenue, N.W., Washington 6, D. C 

kneN ALEXANDER, M.D., Bowman Grav School of Medicine, Wake Forest College, Winston- 
Salem, North Carolina 

Davin M. Boswortn, M.D., 742 Park Avenue, New York 21, N. ¥ 

Con. Ean. W. Brannon, M.C., U.S. A. F., 122 Sunnycrest Drive, San Antonio, Texas 

KATHERINE L. Brine, A.B., University Hospitals, Western Reserve University School of Medi- 
ine, Cleveland, Ohio 

\. W. Carriz, M.D. Suite 5, 1928 Eglinton Avenue W., Toronto 10, Ontario, Canada 

Wittiam S. Ciark, M.D., 2035 Abington Road, Cleveland 6, Ohio 

JONATHAN CoHEN, M.D., 300 Longwood Avenue, Boston 15, Massachusetts 

Tuomas B. Dameron, M.D., 309 Hillsboro Street, Raleigh, North Carolina 

CourTLAND Davis, Jr., Bowman Gray School of Medicine, Wake Forest College, Winston-Salem 
North Carolina 

Jack Eperken, M.D., Jefferson Hospital, 11th and Walnut Street, Philadelphia, Pennsylvania 

Freperick J. Fiscner, M.D., Detroit Orthopaedic Clinic, 5447 Woodward Avenue, Detroit 2 
Michigan 

H. Francis ForsytuH, M.D., Bowman Gray School of Medicine, Wake Forest College, Winston- 
Salem, North Carolina 

Z. B. Frimepenserc, M.D., 133 South 34th Street, Philadelphia 4, Pennsylvania 

J. Georce Furey, M.D., 25100 Euclid Avenue, Cleveland 17, Ohio 

Ss. J. Hourz, M3S., R.P.T., Detroit Orthopaedic Clinic, 5447 Woodward Avenue, Detroit 2 
Michigan 

Kpcar A, Kaun, M.D., University of Michigan, Ann Arbor, Michigan 

EMANUEL B. Kaptan, M.D., 1001 Grand Concourse, Bronx 52, New York 

\neL Kenin, M.D., 20 Plaza Street, Brooklyn 38, New York 

CGerotp Kiews, M.D., Weisbaden, Germany 

Dr. Jaromir Kouak, Radiological Clinic, Charles Universit } nemocnice 2, Prague 2, Czecho- 

slovakia 

Jack Levine, M.D., 20 Plaza Street, Brooklwn 38, New York 

Micuas. L. Lewin, M.D., 67 East 78th Street, New York 21, N. \ 

Vernon L. Nicket, M.D., 1700 Brooklyn Avenue, Los Angeles 33, California 

JacQUELIN Perry, M.D., Rancho Los Amigos Hospital, 13001 Paramount Boulevard, Downey 
California 

Rosert A. Ropinson, M.D., The Johns Hopkins Hospital, Baltimore 5, Maryland 

G. Ruckersaver, M.A., The Ontario Veterinary College, University of Toronto, Guelph, On- 
tario, Canada 

H. Newron Srencer, M.D., Haverford Hospital, Havertown, Pennsylvania 

Morton Svinner, M.D., 20 Plaza Street, Brooklyn 38, New York 

ZVONIMIR SUMANOVAC, M.D... Mlinarska 16, Zagreb, Yugoslavia 

5S. C. Totentino, M.D., Guam Memorial Hospital, Guam 

Rosert UNpberpaL, M.D., Bowman Grav School of Medicine, Wake Forest College. Winston- 
Salem orth Carolina 


De. Rapko Vrapec, Radiological Clinic, Charles University, U nemocnice 2, Prague 2, Czecho- 


slovakia 

N. F. Wacker, Ph.D., Hospital for Sick Children, University of Toronto, Toronto 5, Ontario, 
Canada 

James C. Wuite, M.D., Massachusetts General Hospital, Boston 14, Massachusetts 

Harotp W. Wovucnrer, M.D., 503 South Saginaw Street, Flint, Michigan 


rHE JOURNAL OF BONE AND JOINT SURGERY 





THE ADJUSTABLE LEG 


f bett fit 
or errergrif. 
- 
— 
ani 





The two most important factors affecting 
the success of an amputee in walking well 
with an A.K. prosthesis are the fit of the 


socket. on his stump, and the alignment of 


the prosthesis. Fit and alignment are inter- 
dependent, making it difficult to consider 
them separately. 


The Adjustable Leg was developed to make 
it possible for the prosthetist to try as many 


alignment combinations as necessary to 
arrive at the best alignment, as well as fit, 
for each amputee. When he has succeeded in 
obtaining the best alignment possible, through 
actual trial with the amputee walking on the 





andj.alignment 


i | 
Adjustable Leg, he can duplicate this align- 
ment in the finished prosthesis. 
This procedure, supervised by a _ trained 
HANGER Prosthetist and applied in manu- 
facture by methods resulting from nearly a 
century of experience, makes it possible 
to obtain optimum alignment in every case, 
and is particularly useful in fitting difficult 
problem cases. 
Call upon HANGER for the best Prosthetic 
Service. Trained technicians at offices 
throughout the country are ready to help 
with the rehabilitation of your patients in 
every way possible. 





AVAILABLE AUTHORIZED FACILITIES IN THE FOLLOWING CITIES: 


Eastern Region: 


BALTIMORE 1, MD. 
BOSTON 15, MASS. 
CHARLESTON 2, W. VA 
NEW YORK 11, N. Y. 
PHILADELPHIA 7, PA 
RALEIGH, N. C. 
RICHMOND 19, VA. 
ROANOKE 12, VA 
WASHINGTON 13, D. C. 
WILKES-BARRE, PA 


CHICAGO 5, ILL 
CINCINNATI 29, OHIO 
DALLAS 1, TEXAS 
EVANSVILLE, IND. 
FORT WAYNE, IND 


COLUMBUS 8, OHIO 


Midwestern Region: 


Central Region: 


Southeastern Region: 


ATLANTA 1, GA. 
BIRMINGHAM 1, ALA. 
COLUMBIA 5, S. C. 
JACKSONVILLE, FLA. 
KNOXVILLE, TENN. 
MIAMI 37, FLA. 
MOBILE, ALA. 
MONTGOMERY, ALA. 
NASHVILLE 5, TENN. 
NEW ORLEANS 19, LA. 
ORLANDO, FLA. 
SAVANNAH, GA. 
SHREVEPORT, LA. 
TAMPA 2, FLA. 

WEST PALM BEACH, FLA 


INDIANAPOLIS 2, IND. 
OKLAHOMA CITY 3, OKLA. 
PEORIA 4, ILL. 

ST. LOUIS 66, MO. 
WICHITA, KANSAS 


PITTSBURGH 1, PA. 
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BOWEN FRACTURE APPLIANCES — 
GREAT AIDS TO BETTER SURGERY 


LEG EXERCISER 
SETS 


Designed to assist in passive abduction after 
cup arthroplasty, rehabilitation of para- 
plegics, and many other cases requiring 
weight controlled exercises. 


®@ Rigid Construction—Relatively Light in Weight 
® Moves Freely on Ball Bearings in All Directions 
© Protractor Adjustment for Foot Angle Contro! 

®@ Weight Attaching Eyes at Different Levels 


© Foot and Heel of Exerciser Covered with Foam 
Rubber 


@ Exercising Board 14” x 48”, Hinged at Center 
and Angled to Approximate the Arc Scribed 
by the Legs 


ORMANDY 


PENDULUM 
EXERCISER 


To Prevent Frozen Shovider 


An excellent means to RE- 


LIEVE MUSCLE SPASM and 


PAIN of the shoulder girdle 
by traction in order to 
increase the ARC OF Efficient Method of Exercising To Prevent Frozen 
MOTION of the scapulo- for Shoulder— Joint Injuries Shoulder 

humeral joint. 





The compact size of the Pendulum Exerciser will make it possible to increase 
the arc of motion without hitting the leg of the patient. 


GONIOMETER — 
Pocket Size 
Anodized Aluminum 


ANGLE DRILL ATTACHMENT A Pocket Size instrument with calcu- 


lation flexibility allowing complete 
For Luck Bone Saw and Stryker Drill angle determination in degrees. 
Produced from aluminum, anodized 
and dyed black, with white-lead- 


Excellent for bone surgery at difficult angles and in re- filled dial and indications permitting 
full penetration of radiation and 


— . A ‘ : . screening a permanent secondary 
ting burrs. Rigidly constructed, light in weight. Entire unit eatin a0 seaman om te the 


may be sterilized. Two % inch diameter High Speed for o Itati and o tations. 


Pp 


BOWEN & COMPANY 


INC. 


Designed Especially for the Bankhort Operation 


stricted areas requiring use of drills, curetting burrs, slot- 





Drills supplied with each attachment. 
Easily attached to Jacobs chuck with key. 


A hole in the end of the drill bit is provided so that the 
suture can be threaded and pulled through with the ex- P. O. Box 5818 


traction of the drill. BETHESDA, MARYLAND 
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Now picture-taking and picture-showing 
get easier...and easier... 


oe 
jw —with the new 
Kodak Retina Reflex Camera 

You take it as you see it—on the ground glass. 
Built-in photoelectric exposure meter and EVS 
lens-shutter linkage. Regular equipment 
includes ultra-fast 50mm //2 Retina Xenon-C 
Lens; added flexibility through telephoto and 
wide-angle lens components, Close-Up Lens 
Sets and a full system of supplementary photo 
aids. List, including Federal Tax, $215. 


—_with the Kodak Cavalcade Projector 

You show it—as you saw it on the ground glass. 
Superbly automati you turn the “Cavalcade” on, it 
does the rest! It shows color or black-and-white slides 
changes slides at pre-selected intervals keeps 
slides in constant focus lets vou show them in any 
order—bright as you wish (300 or 500 watts). List, 
including Federal Tax, $149.50. For details, see your 


Kodak photographic dealer or write 


EASTMAN KODAK COMPANY, Medical Division, Rochester 4, N.Y. 


Serving medical progress through Photography and Radiography 
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JUST FOR THE RECORD 


SMo: This highest grade of wrought metal 
is used as internal fixation material by prac- 
tically all manufacturers in the world. 

The medical profession, surgeons in par- 
ticular, employ products made in SMo in 
far greater quantity than those made from 
other metals. ; 
SMo is the only metal for implants produced 
to government specifications. 

All U.S. manufacturers of SMo implants re- 
ceive identical metal from the steel industry. 
There can be no difference of material be- 
tween manufacturers. 

Production of SMo is standard procedure in 
the steel industry . . . to exact formula under 
rigid controls. 

SMo has been used in internal fixation for 


BONE AND JOINT SURGERY (page 335) stated: 
“The superior chemical and physical qualities 
of the 18-8 SMo for internal fixation were 
confirmed in a report published in 1945 by 
the Sub-committee on Bone Plates and 
Screws of the Committee on Fractures and 
Other Traumas, American College of Sur- 
geons.” 

Incidents of product failure due to breakage 
are unknown to our customers because of 
qualitative design and reliability in manu- 
facturing. 

SMo products, instruments and fracture 
equipment by Orthopedic Equipment are 
available at NO additional cost to the 
consumer through our company’s surgical 
dealers. 


about 14 years. The April, 1947 JOURNAL of @ For quality and reliability, insist on OEC. 


See us at Booths 36-37, 


Loom Onthopedic ENUIPMENT C0 


SPLINTS « FRACTURE EQUIPMENT - SMo INTERNAL BONE APPLIANCES - BONE INSTRUMENTS 


American Academy Orthopedic Surgeons, Chicago, January 24-29 
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NEW topical germicide 
unsurpassed for 
broad range activity 


BETADINE kills outright 


Taket iO fellate Ma -t-11-34- lal at-3e-T>)a) 


..-YET VIRTUALLY 
NONIRRITATING 
TO SKIN AND MUCOSA 


TAILBY-NASON COMPANY, INC. 





MAXIMUM COMFORT 


for the PATIENT 
in TRACTION 


Z az 


TRACTION SHOES an 
IMMOBILIZATION BAR 


are the latest developments in tractio 
No other device permits the wide vai 
ation of adjustments and comfort ¢ 
the Ridgeway traction shoe. Tongu 
and heel areas are heavily pat 
ded with plastic foam to elim 
nate pressure irritations formerl 
encountered. 





BUCKS EXTENSION. Allows variation of RUSSELL TRACTION. Involving bac 
nters. Foam lined instep and Z pain, disc injuries, sciatica and fractus 
liminates pressure areas _— of shaft of femur, eliminates strappin 

and hitching of foot 


a 


: 


"i 


HIP PROSTHESIS, POST-OPERATIVE HIP ABDUC- BRYANT TRACTION. Eliminates the need 

TION. Immediate post-operative prosthesis in O. R moleskin and adhesive tape as well as the d 

control of post-operative hip prosthesis forts associated with them. Easy to apply. 
even pull. 


Other uses of Ridgeway traction shoe: with orthopedic fracture table; in place of short leg cast with immobiliza- 
tion bar, to maintain hip in internal rotation position in some osteotomies, where complete immobilization is not 
desired; rotation control of lower extremities, single or double, for bedridden or chair patients; immediate post- 
operative prosthesis in O. R. to maintain proper alignment while removing patient from fracture table to stretcher; 
night splint and Dennis-Brown type splint using special child-size shoes. 


N, WRITE TORQUE, INC. © P.O. Box 356 * COLUMBUS 16, OHIO 





MeL lib Mala more] aler-lo) Mlallol-lil-lal mat-lalel lial 


Introducin g the 


EX irc@lectric 


UNIVERSAL HOSPITAL BED 


Designed specifically for improved handling and care 


of the orthopedic patient. An ideal bed for management 
of every orthopedic problem. The bed may be electrically 
operated by the patient to save valuable nursing time 


for more demanding duties. 


Have this practical bed demonstrated for you by Lee 
Stryker, Don Carson, Marshall Morrison, or Pete Hoff- 
man at booth 74, 75, or 76 during the American Academy 


of Orthopedic Surgeons Meeting, January 24th to 29th. 


| Shuker Manufacturers of Quality Surgical and Hospital Equipment 


420 ALCOTT STREET ° KALAMAZOO, MICHIGAN 











~\ To serve your complete needs in 
cet Fie ORTHOPEDIC, PROSTHETIC 
aa sll ~ and SURGICAL APPLIANCES 


S| GED = 


house of BIDWELL ine. 


535 N. 27th Street Branch: 1134 Regent St. 
Milwaukee 8, Wis. Madison, Wisconsin 











Finger Splint Fence Splint 
Can be molded to fit any anatomical sit- Can be used in simple fractures, infec- 
uation. X-Ray penetrable. Easily cut. tions, burns and lacerations, local 
arthritis for the relief of pain, effusion 
ALSO — The Alumafoam Nasal Splint of joints, ete. 





SURGICAL PRODUCTS 


RESEARCH * PRODUCTS = DEVELOPMENT 


UT BANDAGE MILLS, INC. 


BRIDGEPORT * CONNECTICUT 








ANTI-GRAVITY SPINAL BRACE 


This brace is used in treating spinal fractures, epiphysitis, osteoporosis 
and multiple myeloma 
Lightweight, washable, pneumatic padding, plastic covered, transparent 
to X-ray exposure 
Pelvic Sizes: Child's 22-28”; Medium 28-36”; Large 36-44” 
Full range of sizes carried in stock. Shipment made same day order is received 
MANUFACTURED BY 
WESTWOOD ORTHOPAEDIC APPLIANCE CO. 


1547 WESTWOOD BOULEVARD LOS ANGELES 24, CALIFORNIA 
illustrations and prices furnished on request 
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HENAGORT 


Ay of 


al 


for all your <‘) 
patients ‘ \ 
starting 

on corticoids 


Kenacort safely starts your patients 

off right — with all the benefits of 
systemic corticosteroid therapy and 
few side effects to worry about. 
Increased corticoid activity is provided 
on a low dosage schedule?? without 
edema,!-4 psychic stimulation,!? 

or adverse effect on blood pressure.!3.5 
A low sodium diet is not necessary.*.5 
Gastrointestinal disturbances are 
negligible2:4.5 with less chance of peptic 
ulcer. This makes Kenacort particularly 
valuable in treating your “problem 
patients” — such as the obese or 
hypertensive and the emotionally disturbed 


REFERENCES: - 1. Freyberg, R. H.; Berntsen 
C. A., Jr., and Heliman, L: Arth, & Rheum 
1:215 (June) 1958. + 2. Sherwood, H., and 
Cooke, R. A.: J. Allergy 28:97 (March) 1957 

+ 3. Shelley, W.B.; Harun, J.S., and Pillsbury, 
D. M.; J.A.M.A. 167:959 (June 21) 1958. 

+ 4. Dubois, E.L.: California Med. 89:195 
Sept.) 1958. + 5. Hartung, E.F.: JAMA 
167-973 (June 21) 1958 


SQUIBB TRIAMCINOLONE 


for all your 
arthritic 
patients 
requiring 
corticoids 





Kenacort, particularly in the treatment 

of your arthritic patients, has proved 
effective where other steroids have failed. 
It provides prompt, safe relief of pain, 
stiffness and swelling by suppressing the 
rheumatic process!.° — and may even 
forestall crippling deformities if 

started soon enough. Because of its 
low dosage! 3 and relative freedom 

from untoward reactions,'> Kenacort 
provides corticosteroid benefits to many 
patients who until now have been 
difficult to control. It is particularly 
valuable for arthritic patients with 
hypertension, cardiac disease, obesity 
and those prone to psychic disturbances 


SUPPLIED: 

Scored tablets of 1 mg. — Bottles of 50 

Scored tablets of 2 mg. — Bottles of 50 

Scored tablets of 4 mg. — Bottles of 30 and 100 


the Priceless Ingredient 
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THE UNITED LIMB AND BRACE CO., INC. 


15 BERKELEY STREET BOSTON 16, MASSACHUSETTS 
Telephone: HAncock 6-4018 


Manufacturers of 


Aatificial. Limba 


This shews how the 
“ee Back Rubber Cushion Socket 
conforms to the stump when the patient Is sitting down 
PAT. NO. 2253040 








NEW cllawer WIGHT SPLINT 9 


DETACHABLE — DENIS BROWNE TYPE : oy 


Orthopedic surgeons are even more enthusiastic about 

the new, improved Fillaver Night Splint. This versatile 

splint affords decided advancements for 

treating club feet, positional deformities, 

tibial torsions, flat feet, congenital hip dis- 

locations, and any other deformities that are 

actively corrected by incessant 

kicking. Use of the Fillaver 

Splint marenens the necessity ‘\>~ @ Stainless bronze serrated discs 
of manipulations, plaster, ten- A permit 50 different rigid settings. 
FITS ANY SHOE—the new triple 
flange lateral clamp permits secure 
attachment to clubfoot shoes or any 
thickness of sole. Best results are 
confined to children under 3 or 4 


Fullaucr SURGICAL SUPPLIES, INC. 


Box 1678, CHATTANOOGA, TENNESSEE 
ESTABUSHED 1914 Manutacturers of Orthopedic Appliances 


TO ORDER Prejha s : : PRICES 


ABDUCTION PILLOW SPLINTS 


with the new Wet-Proof pillow ; 
3 SIRES. | with one 
—_— halter 
Small—6" pillow splint (up to 3 months) | $7.75 
Medium—9" pillow splint (3 to 6 months) 
Large—12" pillow splint (over 6 months) 
COLORS: Pink, Yellow, or White halters 
Phone—Midway 4-6874 $1 2.50 


MINNESOTA ORTHOPEDIC SERVICES ; RNR 
1963 Carl Street St. Paul 13, Minn. : POSTPAID 


otomies and anesthetics. 


WRITE FOR DESCRIPTIVE FOLDER 














with two 
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NEW Model DVHI DV Orthopedic and Surgical Table 





A Complete 


REHABILITATION : Bicycle Exercisers ; Restorator ; 
Walking Parallel Bars and Exercise Staircases of vari- 
ous designs; Posture Mirrors; Gymnasium Mats; 
Shoulder Wheels with or without height adjustment; 
Elgin Progressive Resistance Exercise Units; Quadri- 
ceps Boots; Dumbbells; Chest Pulley Weights; Standing 
(Tilt) Tables ; Stryker Turning Frames. 


HAND THERAPY DEVICES: Kanavel Table; 
Manuflex; Wrist Exercisers; Complete Line of Bunnell 
Splints ; Theraplast. 


TRACTION: Many types of Cervical and Pelvic 
Traction Sets; Hausted Tractionaid. 


HYDROTHERAPY — ELECTROTHERAPY: 
Whirlpools; Paraffin Baths; Hydrocollator; Ries 
Moistaire; Medcolator and other Low-Volt Generators; 
Infrared Lamps; Bakers; Birtcher Ultrasonic Generators. 


Everest & Jennings Wheelchairs ; Commodes; Walkers 
and Walking Aids for every need; Hydraulic Patient 
Lifters; Largest selection of Treatment Tables. 


Complete Line of Cerebral Palsy Equipment — Speech 
Therapy — Self Help Devices for the Handicapped. 





CONVENTION NEWS 
At the Chicago Convention be sure to see 


@ ALL Bunnell Hand and Finger Splints 
@ A new Bicycle Exerciser for only $19.95 


@ The fool-proof Jamar Hand Dynamom- 
eter—for positive grip strength evalu- 
ation 

@ And Selected Exercise Equipment, Whirl- 
pools and Traction Units 


at Preston Booth #10 and #11 











We supply ALL EQUIPMENT for setting up a 
complete Rehabilitation Program. Suggested lay 
outs and equipment lists are available to you 


through OUR FREE PLANNING SERVICE. 


J. A. PRESTON CORP.,175 FIFTH AVENUE, NEW YORK 10, N. Y. 





Variable Height 


Lateral Tilt 


Trendelenberg 


Introduced at the Orthopedic Academy Meeting 
Write to us 


GILBERT HYDE CHICK COMPANY 


Main Office and Factory — 821-75th AVENUE, OAKLAND 21, CALIFORNIA 
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Line) FOR PHYSICAL THERAPY 
AND REHABILITATION 
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New ... Improved 


OS-5500 BOYES-GOODFELLOW Hook, J issue Retractor. Dou- 
ble. angulated hook... in light hollow handle... all 


stainless steel. Each, $8.00 


Ask for our complete listing of basic instruments for surgery of the hand as 
used by Joseph H. Boyes, M.D. 


VWueLer ea CO. 


330 South Honore Street 
Chicago 12, Illinois 


Dallas, Houston, Los Angeles, Rochester, Minn. 


N70) ORO EW WKO) Se cicciively ond with o minimum investment i 
equipment. No dripping, no wringing, no re- 


peated applications. Each application gives 
at least 30 minutes effective moist heat. The 
Steam Pack is merely heated in water, wrap- 
ped in a towel, and applied. Standard equip- 
ment in leading hospitals and clinics across 
the nation. 


DESCRIPTIVE MATERIAL ON REQUEST 


CHATTANOOGA PHARMACAL CO., INC. 
CHATTANOOGA 5, TENNESSEE 


MASTER UNITS 


Four all stainless 

steel models to 

meet the various re- . 
quirements in hos- D-3 2 Pack 
pitals, clinics, phy- 

sicians’ offices, and 

patients’ homes. 

Automatically main- 

tains Steam Packs in 

water at proper 

temperature — con- 

stantly ready for — 
immediate use. No : M-2 


plumbing used. 12 Pack Mobile Unit 
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A New Atlas! 


De Palma’s Management 
of FRACTURES 
and DISLOCATIONS 


1,927 step-by-step illustrations 


based on Dr. DePalma’s own cases 


a 


Every step that Dr. DePalma takes in the reduction, 
immobilization and post-reduction management of 


By Antrnony F. DePauma, 
M.D., James Edwards Professor 
of Orthopedic Surgery, Jefferson 
Medical College. Two volumes 
totalling 986 
124", with 

About $35.00. 


pages, 916” x 
1927 illustrations. 


fractures and other joint injuries is faithfully de- 
picted in this new two-volume atlas. 

Each of the 1927 line illustrations is based on a 
photograph of an actual case treated by Dr. DePalma 
in his own clinic. Reference to this work is like a con- 
sultation with a distinguished colleague right in your 
own office. 


Illustrations run down one side of the page with 
instructions and discussions opposite. Preliminary 
remarks cover the peculiarities of the lesion, pathol- 
ogy, prognosis and complications. X-ray appearance 
of the lesion is depicted first. Next come the step-by- 
step maneuvers involved in successful reduction, 
fixation, splinting, bandaging, ete. After-care is then 


noted. 


Traumatic lesions of all types involving the skeletal 
system are considered. New concepts are introduced 
for: treatment of fractures of the distal end of the 
radius, fractures of the hip joint, and a most effective 
method of utilizing intramedullary nailing. 


Make sure this new atlas is in your library. It’s a 
work you'll refer to again and again! 


W. B. SAUNDERS COMPANY 


West Washington Square Philadelphia 5, Pa. 


Send me DePalma’s Management of Fractures and 


Dislocations. About $35.00. Charge my account. 


Name 


Address 


NEW BOOK! 


Jaffe—Tumors and 
Tumorous Conditions 
of the Bones and Joints 


By HENRY L. JAFFE, M.D. 
and Pathologist, H 

New York, N. Y.; Consultant, Armed 
Washington, D. ¢ 


ector f Laboratories 
Diseases 


Institute of Patho! gy 


RIMARY TUMORS, tumors metastatic 
to the skeleton, tumors developing 
sites of from 


in bones, at damage 


noxious agents, and tumors invading 
bone from overlying soft parts are con- 
sidered fully in this new book. The text is 
richly illustrated by roentgenographs and 
by photographs portraying the gross and 
microscopic pathologic changes discussed. 
Illustrations are arranged in_ full-page 
plates and are explained by amply de- 
tailed legends. Problems of differential 
diagnosis are stressed and the broad out- 


lines of treatment are indicated. 
629 Pages, 7” x 


on 194 Figur 


Washington Square 
Philadelphia 6, Pa. 


LEA & FEBIGER 


wder and ser 


Please enter my 
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PROGRESSIVE 
RESISTANCE 
S EXERCISE EQUIPMENT 


Elgin Exercise 
Unit Model 
No. A-1500 


« + » especially designed for the L 
administration of over 100 therapeutic exercises! 


It has been proven that exercise therapy must be ac- 
curately controlled if the desired end results are to be 
obtained . . . Elgin, the original designers and manu- 
facturers of Progressive Resistance Equipment, offers 
the only complete line of exercise equipment designed 
to meet these requirements. The Elgin line has been 
developed, in a scientific manner, to give Doctors and 
Therapists the correct clinical tools with which to prop- 
erly administer exercise therapy to both surgical and 
non-surgical patients. 

It provides a wide exercise range, from simple func- 
tional exercises to the most highly definitive focal exer- 
cises. This equipment also provides a means for an 
effective and efficient out-patient clinic for patients 
requiring therapy. An Elgin sales consultant would ap- 
preciate the opportunity of assisting you in planning 
for the inclusion of Progressive Resistance Exercise 
Equipment in your physical therapy department. Write 
today for complete information. 


a 


ELGIN — UNIT 
Model No. AB-! 


ELGIN LEG EXERCISE 
(Ankle) Model No. LE-125 


Write today for information on the complete 
line of Elgin Exercise Accessory Equipment 
y} and Therapy Techniques, request Catalog 200. 


cI 

( Poi EXERCISE 
APPLIANCE CO. 

P.O. BOX 132 © ELGIN, ILLINOIS 
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A New Dimension 
In Foot Comfort! 


KLEISTONE’S NEW 
Linco .*h] 


CUSHION 
MOLD 


Le Made of resilient cellular rubber, 
covered on top with soft, pliable leather. The 
bottom is not covered, so that this cushion 
may be altered easily, by additions or reductions 
to fitthe individual case. 


Write for full details 


KLEISTONE RUBBER COMPANY, | 


f 


Warren, Rhode Island, U. S. A. 





ORTHOPEDIC POCKET KNIFE 


DEVELOPED 
BY AN 
ORTHOPEDIC 
SURGEON 
FOR 
ORTHOPEDIC 
SURGEONS 


Special Features 
1) Specially constructed curved blade to cut plaster casts 
2) Pry bar for cast spreading and screw driver tip (ffs 
standard and cruciate heads} 


3) Leather pouch with small sharpening stone. 

4) Cuts felt with ease. 

5) Always in your pocket for immediate use. 

Prices: 

-$ 7.50 
5.00 


4 for.....0+. $25.00 
y Pererrre 25.00 


Knife, Stone, & Pouch.. 
Knife only 
ORTHOPEDIC POCKET KNIFE 


P.O. BOX 224 . CLARK MILLS, N. Y. 
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Dosage: 1 tablet (50 mg.) t.i.d. 
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Northridge, Calif 














ACTIVE HAND and 
FINGER SPLINTS 


Instruments for Hand 
Surgery and Treatment 


AS DESIGNED BY 
Dr. STERLING BUNNELL 
Carried in stock for immediate delivery 
* Knuckle bender splint 
* Radial palsy splint 
* Finger extension splint, etc. 
¢ Hand Drill w/ Jacobs chuck 
* Tendon stripper set 
¢ Gig pull-out suture and 
other special instruments for 
bone and joint surgery 
> Write for catalogue — postage prepaid q 


H. WENIGER 


Established 1907 
New Address 
70-12th Street, San Francisco 3, Cal. 





CORNELL UNIVERSITY 
MEDICAL COLLEGE 


announces 


A Postgraduate Course in 


THE TREATMENT OF FRAC- 
TURES AND OTHER TRAUMA 
al 


THE HOSPITAL FOR SPECIAL SURGERY 
NEW YORK HOSPiTAL—CORNELL 


June 8-13, 1959 


This six-day course is given annually by members of the 
Cornell University Medical College faculty, serving on the 
staff at the Center hospitals. In addition to fractures and 
dislocations, the course will offer a comprehensive review of 
the treatment of other traumatic conditions, including burns, 
shock, hand injuries, and trauma to abdomen, chest and 
nervous system 


Living accommodations will be available to postgraduate 
students and their wives in the Cornell Medical Student 
Residence, Olin Hall, at $3.00 per person per night 
TUITION: $150.00—Enroliment limited 
For further information write to 
DR. PRESTON A. WADE 
Cornell Unive: sity Medical College 
1300 York Avenue, New York 21, New York 




















In inswering advertise ments, ple ase mentien 7 he Journal of Bone ond Joint Surgery 














wittiams LUMBO-SACRAL FLEXION BRACE 


Orders filled at the request of members of the profession only 


Measurements: |. Chest (about 4’ below nipple line); 2. Waist (at navel 
line); 3. Pelvic (2 distance between greater trochanter and crest of ilium); 
4. Seventh cervical spinous process to the prominence of Coccyx. 


ALL ORTHOPAEDIC APPLIANCES 


MILLER BRACE CO. 
3902 Gaston Avenue Dallas, Texas 
For prompt service use our P. O. Box 7902 
Custom Built: Broces—Surgical Supports—Splints—Arch Supports— Folding 
Wheel Chairs— Aluminum Adjustable Crutches—Airfoam Head Halter Sets— 
Airfoam Rib Binders— Canes, Etc. 








There is only one 
JEWETT BRACE... 


Many braces are locally made for hyperextension of the 
spine and some have merit. 


The JEWETT BRACE has been clinically proven in thousands 
of cases as equal to or superior to a plaster hyperextension 
cast for uncomplicated compression fractures of the spine. 


We know of no other brace of this type which has such wide 
Through your bracemaker— acceptance and approval and may be prescribed with equal 
or literature, reprints confidence. 


and measuring charts P 
upen request. All JEWETT BRACES are so labeled in gold on the lumbar pad. 


FLORIDA BRACE CORPORATION 


WINTER PARK, FLORIDA 





FOR TREATMENT OF SPASTIC CASES + CEREBRAL PALSY + STROKE + POLIO + HAND INJURIES 


General Electric Co. Silicone does not harden 


BOU NC t NMG PUTTY lasts indefinitely 


and can be 


As a “trial order” send $2.00 for one $2.85 jar autoclaved. 


S. R. GITTENS, Distributor, 1620 Callowhill St., Phila. 30, Pa. 
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KASTOFF. 


the moderu 


method for remenocig caste! 


KASTOFF .. . the new way to remove casts 
quickly, painlessly, safely. NOW... with 
the KASTOFF method even your technician 
can easily remove casts of the hardest 
materials without producing the fear, cuts, 
or burns among your patients of old fash- 
ioned cast removal methods. 
KASTOFF comes complete with turning 
clips and one dozen wires at $27.00, 
with additional wires and clips for $9.50 
per dozen. Write for illustrated booklet 
outlining the use of KASTOFF. Names of 
successful users of KASTOFF will be 
furnished upon request. 


Call your surgical supply man or write: 


KASTOFF 


P.O. BOX 8782, DALLAS 16, TEXAS 





HILL TRACTION 


Gives MORE THAN 
STANDARD TREATMENT 
HILL TRACTION 


The mechanical treatment table with the gliding 
top for rolling traction. 


For stretching traction there is a —— selection 
of harnesses to provide 0 to 150 apes s “pull”, con- 
stant or intermittent, in any body area. 


With table top in motion each articulation is worked 
separately and evenly by semi-pneumatic spring- 
cushioned rollers. Heat and vibration available as 
optional equipment. With motor off, HILL TRAC- 
TION becomes standard all-purpose table. 


WRITE FOR COMPLETE INFORMATION 


HILL tasoratories COMPANY 
MALVERN, PENNSYLVANIA 
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* PAINLESSLY 

* SAFELY 
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Use Kastoff on 
your next cast. 
You and your 
patient will be 
glad you did. 
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NOW READY 

To Enable You to Find Quickly 
All Journal Papers on Any Subject 
Published in the Past Ten Years 


In Either the American or British Volumes 


THE SUBJECT BIBLIOGRAPHY 


1948-1957 
of 


The Journal of Bone and Joint Surgery 


Four main sections, ANATOMY, DIsEASE, TREATMENT, ReE- 
SEARCH. 
Six hundred and ninety-nine subject classifications. 


Extensive cross-references. For example, a paper on ten- 
don transfer in the paralysed hand will be found in the 
ANATOMY section under Hanp, in the DisEAseE section 
under Para.ysis, and in the TREATMENT section under 
TENDON TRANSFER. 


Author index. 


Every listing gives entire title of the paper, authors’ 
names, volume, pages, month and year, and, where neces- 
sary, information defining the scope of the paper. Listings 
on each subject are in chronological order. 


The Supyecr Brstiocrapny is uniform in size and bind- 
ing with an issue of The Journal. 


Price $6.00 . £2.3.0 
through Boston through London 


The Journal of The British Society of 
Bone and Joint Surgery Bone and Joint Surgery 

8 The Fenway 82 Portland Place 
Boston, Massachusetts London W.1, England 
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